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FCC NONCERTIFIED EQUIPMENT 


Warning: This equipment generates, uses, and can radiate radio frequency 
energy and if not installed and used in accordance with the instructions 
manual, may cause interference to radio communications. ‘As temporarily 
permitted by regulation, it has not been tested for compliance with the limits 
for Class A computing devices pursuant to Subpart J of Part 15 of FCC Rules, 
which are designed to provide reasonable protection against such interference. 
Operation of this equipment in a residential area is likely to cause interference 
in which case the user at his own expense will be required to take whatever 
measures may be required to correct the interference. 
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MODEL 9219 SPECIFICATIONS 


1.1 INTRODUCTION 


The industry compatible Model G21 is designed: te 
format seven and nine track NRZI andor phase 
eneoded tapes. It can be used in conjunetion with) 10 
through 125 ips tape transports and contains the 
electronies recuired to read or write ANST and IBM 
compatible formats, When only the NRZI format ts 
desired, the unused phase eleetronies may be omitted. 
Eleetrieal and mechanical specifications are provided 
in paragraph 1.2. 


The address and control logic circuits accept input 
commands from the computer and convert these 
commands into signals which initiate the desired 
operations of the selected tape transport. 


All timing, as well as data transmission to and from 
the tape deck and formatter, is controlled by means 
of a 12 bit bipolar Shottky microprocessor. The time 


1.2 ELECTRICAL AND MECHANICAL SPECIFICATIONS 


Dimensions 
Formatter mounting 
Height 


Depth (from mounting surface) 
Depth (overall) 
Front panel width 
Weight .. 
Shipping weight 


Operating environment 


Ambient temperature ........ee08 ‘ 
Relative humidity (noncondensing) ...... 
AOU ace: BA aera ee es ae eae 
Power requirementS .,......0. Baa fhe es es , 
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required to execute one complete instruction is 34% 
nsec. Several options have been made avatlable 
through switchable IC's on the 4831 interface board. 
The formatter can also be selected for the speeds and 
densities of any one of up to four tape units. (Refer 
to paragraph 2.5.) 


The 1 to 1 wiring configuration of the masterboard’s 
foil pattern permits the user to interchange the 
circuit boards. This eliminates the possibility of 
inserting a circuit board into the wrong slot and 
possibly overloading IC's. It also makes the boards 
easily accessible for troubleshooting. 


The unit is mounted on a 3.5 inch panel for 
installation in a standard 19 inch EIA equipment rack. 
Figure 1-1 is an Outline and Installation Drawing. 


There are no controls or indicators on the Model 9219 
Formatter. A switch for selection of 115 vac or 230 
vac primary power input is located at the rear of the 
formatter. 


3.34 inches (8.48 cm) 
16.76 inches (42.57 cm) 
14.0 inches (35, 56 cm) 
14,62 inches (37.13 cm) 
19.0 inches (48,26 cm) 
20.6 pounds (9,33 kp) 
22.6 pounds (10,24 kp) 


O et) 
42 tg 450 € 
e 15% to 5+ 
to 30,000 feet (9120m) 


115 or 220 vae (10%) 
00 to 60 Hz, single phase 
D0 VA 
TOVA 

open collector type 
standard 220°330 ohm 
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SIDE VIEW 
SSS 


14.62 pe 
ss (37.13) 


3M TYPE 3425 CONNECTORS 
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FIRST DIMENSIONS ARE SHOWN IN INCHES. 
OIMENSTONS IN PARENTHESES ARE IN CENTIMETERS. 


oO KENNEDY MOOBL e818 FORMAT CONTROL UNIT O 


FRONT VIEW 


410-4030 


Figure 1-1. 
® Outline and Installation Drawing 
Model 9219 
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MODEL 9219 INTERFACE CHARACTERISTICS 


2.1 INTERFACE SIGNAL CHARACTERISTICS 


Signals from the controller to the Model 9219 must 
conform to the following specifications: 


Levels: Low=true=0 volt 
High=false=+3 volts eee 
Pulses: Low=true=0 volt 


High=false=+3 volts ese 
Minimum pulsewidth: 1 microsecond 


Edge transmission delay: No greater than 
200 nsec over 20 foot cable 


Output signals from the Model 9219 are driven by 
open collector type line drivers capable of sinking up 
to 36 ma (25 standard unit loads) in the low true 
state. The interface circuits are designcd so that a 
disconnected wire results in a false signal. 


Figure 2-1 shows the configuration of the line drivers 
and receivers. A twisted pair is required for each 
input and output. Maximum recommended length of 
the interconnecting cables is 20 feet. The connector 
pin assignments are provided in paragraph 2.4. 
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Figure 2-1. 
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2.2 INTERFACE INPUT SIGNALS 
(Controller to Formatter) 


The following paragraphs describe the specifications 
and functions for each input signal required from the 
computer interface to the formatter. Under the 
signal name are listed its mnemonic designation and 
the connector and active pin designations for the 
input signal line. Connector designations refer to the 
interface cable connector that mates with the cor- 
responding card edge connector on the formatter. An 
I/O signal list is provided in Table 2-1. 


FORMATYER ADDRESS 


FAD Level P101-B1 


A level which selects one of two formatters. FAD 
false selects formatter address 0; FAD true selects 
formatter address 1. The formatter addresses are 
determined by an address switch on the formatter 
PCBA. Normally, the formatter must be selected in 
order to perform any formatter operations. 


TTL 7404 
OR EQUIVALENT 


FORMAT 
CONTROL UNIT 


TTL 7438 
OR EQUIVALENT 


0.1 USEC 
TYPICAL 


FALSE 
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TYPICAL WAVEFORM OBSERVED 

AT LINE TERMINATION 

END OF TRANSMISSION LINE 

TYPICAL TRANSMISSION DELAY = 30 NSEC 


Typical Interface Configuration 


LEVEI 
OR 
SIGNAL MNEMONIC PULSE 
INTERFACE INPUTS 
iE ORMATTER) 
FORMATTER ADDRESS FAD L 
TRANSPORT ADDRESS TADO,TAD) L 
INITIATE COMMANL GO P 
REVERSE/FORWAR») REV L 
WRITE/READ WRT L. 
WRITE FILE MARK WFM L 
EDIT EDIT L 
ERASE ERASE L. 
REWIND REW P 
DENSITY SELECT DEN L 
PARITY SELECT PAR I, 
OFFLINE COMMAND OFL. P 
LAST WORD LWD L. 
FORMATTER ENABLE FEN L 
WRITE DATA LINES WP ,WO-W7 I. 
INTERFACE OUTPUTS 
-ONTROLLER) 

FORMATTER BUSY PBY L 
DATA BUSY DBY L. 
HARD ERROR HER P 
CHECK CHARACTER GATE CCG L 
IDENTIFICATION IDENT L 
CORRECTED ERROR CER P 
FILE MARK FMK P 
WRITE STROBE WRST P 
READ STROBE RSTR P 
READ DATA LINES RP, RO-R? L 
READY RDY L 
REWINDING RWD L 
LOAD POINT LDP L 
? TRACK/9 TRACK TTK/STK L 
ONLINE ONL. L 
FILE PROTECT PPT L 
END OF TAPE EOT L 
NR2ZI/PE NRZI/PE L 


Table 2-1. Input/Output Signal Lis 


TRANSPORT ADDRESS 
TADO TAD1 Levels P101-A1l; P101-B3 


The states of these lines determine which of up to 
four transports are selected by the formatter. The 
following lists defines the tape transport addresses 
produced as a result of the various TADO, TAD1. 


TADO TAD1 ADDRESS 
0 0 SLTO 
0 1 SLT1 
1 0 SLT2 
l 1 SLT3 
INITIATE COMMAND 
GO Pulse P101-A3 


A pulse which initiates any command specified by the 
command lines described in the following paragraphs. 
Information on the command lines is copied in the 
corresponding formatter flip-flops on the trailing 
edge of the GO pulse. FBY is set true when the GO 
pulse is given with the formatter and the selected 
transport ready. 


COMMAND LINES 


The levels on these lines issue a command to the 
formatter on the trailing edge of the GO pulse. The 
REV, WRT, WFM, EDIT, ERASE, PAR and DEN levels 
must be held steady from 0.5 microsecond prior to 
the trailing edge to 0.5 miscrosecond following the 
trailing edge of the GO pulse. 
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REVERSE 


REV Level P101-B4 


A level which initiates reverse tape motion when 
true. When false, this level specifies forward tape 
motion. 


WRITE 


WRT Level P101-A4 


Write mode is specified when this level is true; read 
mode is specified when this level is false. 


WRITE FILE MARK 
WFM Level] P101-A25 


When this level and WRT are true, the formatter wil] 
write a file mark on the tape. 


EDIT 


EDIT Level P101-A6 


EDIT true and REV true modify the read reverse stop 
delay to optimize head positioning for a subsequent 
edit operation. When the EDIT level js true and WRT 
is true, the OVW (overwrite) line is activated and the 
selected transport operates in the edit mode. 


ERASE 


ERASE Level P101-B7 


ERASE true and WRT true cause the formatter to 
execute a dummy write command. The formatter 
will issue a normal write command but no data will be 
recorded. A length of tape, as defined by LWD, will 
be erased. A dummy write file mark command wil] 
be issued when ERASE, WRT/READ and the WFM 
command lines are true, During this operation, 


approximately 3.75 inches (9.52 em) of tape will be 


erased. 
DENSITY SELECT 


DEN Level P101-A9 
(Optional, 7 Track NRZI only) 


When true, this optional level selects the lower of 
two possible data transfer packing densities. When 


this level is false, the higher packing density is 
selected. ; 


PARITY SELECT 


PAR Level 
(NRZI only) 


P101-B10 


The levels on this line contro} the parity mode for 
write or read data transfer. When true the even 
(BCD) parity mode is selected; when this level is 
false, the odd (binary) parity mode is selected. 


REWIND 
REW Pulse P101-B12 


A pulse which causes the selected on line transport to 
rewii:d to load point. This pulse is directly routed to 
the transport and does not cause the formatter to go 
busy. 


OFFLINE COMMAND 


OFL Pulse P101-Al12 


This pulse causes the selected transport to go offline 
without causing the formatter to go busy. 


LAST WORD 


LWD Level P101-B13 
When this level is true during a write or erase 
command, it indicates that the next character to be 
strobed into the formatter is the last character of the 
record. LWD goes true when the last data character 
is placed on the interface lines. 


FORMATTER ENABLE 


FEN Level P101-Al3 


When false, this level causes all formatters in the 
system to revert to the quiescent state. This line 
may be used to disable the formatters if controller 
power is lost or to clear formatter logic when illegal 
commands or unusual conditions occur. 


WRITE DATA PARITY & WRITE DATA LINES 
WP, W0-W7 (Refer to Pin List) 


These lines are present in both NRZI and PE 
formatters and will be defined for each application. 


Levels 


(1) NRZI Formatter 


These 9 lines transmit write data from the 
controller to the formatter. Lines WP, 
WO0-W7 are utilized for 9-channel oper- 
ation; lines WP, W2-W7 are used for 7- 
channel operation. 


For 9-channel operation the 8 data bits 
appearing on W0-W7 are written onto the 
corresponding channels on tape; for 7- 
channel operation WO and W1 are not 
utilized and the remaining 6 data bits are 
written onto tape. In either case, W7 
corresponds to the least significant bit of 
the character. 


Line WP is optional and is utilized only if 
it is required to write the parity bit 
specified by the customer. When this 
option is not employed the formatter 
generates parity internally on the basis of 
data contained on W0-W7, together with 
the current parity mode. 
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rhe first character of a record shouid be 
available on these lines within one char- 
acter period after DBY goes true and 
remain until the trailing edge of the first 
WSTR is issued by the formatter. 


The next character of information must 
then be placed on these lines within one- 
half of a character period. 


Subsequent characters of a record are 
processed in this manner until LWD is set 
true by the controller when the last 
character is transmitted. 


(2) PE Formatter 


The 8 write data lines (9 in the case of 
external parity option) are utilized to 
transmit write data from the controller to 
the formatter. WO corresponds to the 
most significant bit and W7 to the least 
significant bit of each character. 


The first character of a record should be 
available on these lines less than 40 
character periods after DBY goes true and 
remain until the trailing edge of the first 
WSTR_ is issued by the formatter. The 
next character of information must then 
be placed on these lines within one-half of 
a character period. 


Subsequent characters of a record are 
processed in this manner until LWD is se‘ 
true by the controller when the Inst 
character is transmitted. 


2.3 INTERFACE OUTPUTS (formatter to controller) 


The 7 track interface output signal is used exclusively 
in the NRZI formatter; all other interface outputs are 
common to both NRZI and PE formatters. Pins B24 
and B23 (grd) output the CHECK CHARACTER GATE 
from NRZI formatters and the IDENTIFICATION 
from PE formatters. The controller must allow for 
this signal when combination NRZI/PE formatters are 
used. All pulsewidths must be 1 microsecond wide 
(min.). 


FORMATTER BUSY 


FBY Level P101-B22 
When true, this level inhibits further commands to 
the formatter. The level goes true on the trailing 


edge of GO when a command is issued by the 
controller. FBY will remain true until tape motion 
ceases, 
DATA BUSY 
DBY Level P101-A22 


This level goes true when the tape is up to specd, has 
traversed the | BG, and the formatter is about to 


write data or look for a read signal on the tape. DBY 
remains true until data transfer is completed and the 
appropriate post record delay Is completed. DBY 
goes false when the capstan starts to decelerate the 
tape. 


HARD ERROR 


HER Pulse 
(NRZI Mode) 


When true, this pulse indicates a read error. This line 
will be true during read operations when one or more 
of the following occurs: 


P101-A24 


(1) Longitudinal parity error 

(2). Improper record format 

(3) CRCC parity error 

(4) Vertical parity error on a data character 


In all cases except a vertical parity error, HER will 
be pulsed after the complete record has been read. In 
the case of a vertical parity error, the HER line will 
be pulsed when a read strobe (RSTR) pulse is issued 
for the character in error. DBY goes false after all 
error information has been transferred to the 
controller. 
CORRECTED ERROR 


CER Pulse 
(PE Mode Only) 


When true, this pulse indicates that a single track 
dropout has been detected and the formatter is 
performing an error correction. 


HARD ERROR 


HER Pulse 
(PE Mode) 


When true, this pulse indicates that an uncorrectable 
read error has occurred and that the record should 
either be reread or rewritten. Here is a table 
illustrating the possible HER/CER signal combin- 
utions, together with their meaning: 


SIGNAL STATES 


P101-B25 


P101-A244 


HER CER 

0 0 = No Errors Detected 

0 1 = Single Channel Error 

l 0 = Postamble or VRC ERROR Only - 
All Channels Believed Good 

] 1 = Multiple Channel Errors or: 


Excessive Skew or: Single Channel 
Failure w/Postamble VRC Error 


This timing chart illustrates the HER/CER minimum 
pulse widths at various tape speeds: 


HER/CER 


A: 2 msec min. (12.5 ips) 
1 msec min. (25 ips) 
0.67 msec min. (37.5 ips) 


CHECK CHARACTER GATE 


CCG Level P104-B24 
(NRZI mode only) 


This level is set true by the NRZI formatter when the 


206-9219-040C 


read information being transmitted to the controller 
is a cyclic redundancy check character (CRCC) or a 
longitudinal redundancy check character (LRCC). 
When data characters are transmitted, CCG goes 
false. Data and check information can be distin- 
guished by gating READ STROBE (RSTR) with CCG 
or its inverse. 


IDENTIFICATION 


IDENT Level 
(PE Mode) 


When true, this level identifies PE tapes. PE tapes 
are detectable in the read forward mode by the 
presence of an identification burst on the parity 
channel. 


P101-B24 


FILE MARK 
FMK Pulse P101-A25 


File mark is pulsed when a file mark is detected on 
the tape during a read operation or during a write file 
mark operation in a read-after-write transport. The 
FMK line will be pulsed after @ complete file mark 
record has been read. Error coriditions should be 
ignored when a file mark is detected. 


TRANSPORT STATUS AND CONFIGURATION LINES 


These lines indicate the status and configuration of 
the selected transport to the controller after being 
gated with the formatter address signal, FAD. The 
low true transport status lines are: READY (RDY), 
ON LINE (ONL), REWINDING (RWD), FILE PROTICT 
(FPT), LOAD POINT (LP), and END OF TAPE (EOT). 


Transpot configuration lines are NRZ/PE, 7TK/9TK 
and LOW,HIGH. 


WRITE STROBE 
WSTR Pulse P101-A34 


This line pulses each time a data character is written 
onto tape. WSTR samples the write data lines WP. 
W0-W7 from the controller and copies this inform- 
ation character by character into the formatter write 
logic. The first character should be available prior to 
the first write strobe pulse and succeeding characters 
should be set up within half a character period after 
the trailing edge of each write strobe pulse. The 
write strobe is also active during variable length 
erase commands; however, the data being copied into 
the formatter will have no meaning. 


READ STROBE 


RSTR Pulse P101-B36 


This line consists of a pulse for each character of 
read information to be transmitted to the controller. 


These signals should be used to sample the read data 
lines RDP, RDO-RD7. 


In NRZI formatters, the transmission of CRC and 
LRC data characters will be flagged by the check 
character gate (CCG) signal as deseribed under 
HARD ERROR (HER). 


READ DATA LINES 


RP, RO-R7 Levels (See Pin List) 

In the NRZI formatter, RP and RO-R7 are utilized for 
9 channel operation; lines RP and R2-R7 are utilized 
for 7 channel operation. In PE formatters the 9 PE 


channels are assigned to RP, RO-R7. 


Each character read from tape is made available by 
parallel sampling the read lines with READ STROBE. 
Since the data remains on the read data lines for a 
full character period, the corresponding RSTR pulses 
are timed to occur after approximately the center of 
the character period. 


2.4 INTERFACE CABLING REQUIREMENTS 


The cables connecting the Format Control Unit to the 
tape transports are normally supplied with the 
system, and so are the cable connectors that mate 
with the card edge connectors on the units required 
for the interface cabling. The  intercabling 
requirements are the same for NRZI or the dual 
density NRZI/phase encoded systems. 


Twisted pair cabling should be used to reduce 
intereable crosstalk. All wires should be 24 AWG, 
minimum, with a minimum insulation thickness of 0.1 
inch. Each pair should have not less than one twist 
per inch, and maximum cable length should not 
exceed 20 feet. 


READ 
CLOCK 
(FRCLK) 


one 


! 
~ le a. 
| 


READ 
DATA 
CHANNELS 
(FTRDO 
THROUGH 
FTRO7) 


x 


‘possible are: 


oo US EE 
N, 


FALSE DATA 


TRUE DATA 
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2.5 OPTIONS, SPEED AND DENSITY SELECTION 
(Refer to Table 2-1). 


Tape speed and density as well as certain options are 
controlled by means of E11 through kE4 on the 
interface board. Tape unit 0 is controlled by 4; tape 
unit 1 is controlled by E3, ete. 


The options are selectable by switehes S1 on fl 
through E4. Switches S1 on ICs El and E2 determine 
whether formatter 0 or 1 is addressed. The positions 
of E3-1 and E4-1 determine whether internal or 
external parity is written on tape. Switches 82 
through S7 on El through E4 supply tape unit 
commands and status signals to and from the 
individual tape units. Switeh S2 on El through k4 is 
turned ON to select a 7 track tape unit; OFF to 
select a 9 track tape unit. 


Switch S3 selects between 556/800 epi and 200/556 
epi tape densities for 7 track tape units. 


Switch S4 is reserved for PE applications and selects 
between a preset high or low tape speed. Since the 
PE board can only operate at two speeds, the 
formatter must be set up So that only two tape speeds 
are selectable at 1600 ecpi. NRZI units have no such 
limitations. 


Switches 5 through 7 can be set to various binary 
combinations for tape speed selection. Tape speeds 
10 ips, 12.5 ips, 15 ips, 18.75 ips, 25 ips, 


37.9 ips, 45 ips and 75 ips. 


—- 10° 


0.25 USEC 

PRIOR TO THE 
NEXT READ CLOCK 
MAX, 


Figure 2-4. Read Data Timing 
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be 


Tape Unit 1) 


OPTION SETTINGS 
El-1 ON/E2-1 OFF selects Formatter Address O (FADO) 
E1-1OFF/E2-1 ON selects Formatter Address 1 (FAD1) 


E3-1 ON/E4-1 OFF: Selected Tape Unit writes externally 
generated parity. 


E3-1 OFF/E4-1 ON: Selected Tape Unit writes 
internally generated parity 


DENSITY SELECTION (ON = @) 


9 Track 800, 1600° CPI Te] 


7 Track 556, 800 CPI fe] 
7 Track 200, 556 CPI ele 


54 
1600 CPI low speed select 
1600 CPI high speed select 
SPEED SELECTION (ON =®# ) 
S5 S6 S7 


10 IPS (125 IPS) 


NOT AVAILABLE J12.5_ IPS 
IN 125 IPS MODELS } j5 IPS 


18,75 IPS 
29 IPS 
37.5 IPS 
45 IPS 
15 IPS 


NOTES 
1e1-S1 is reserved. 


“1600 CPI density requires P. FE, re c recovery board. 


Table 2-6. Option, Speed and Density Settings 
IC's &7 through E4 located on 4831 Interface Board 


2.6 DAISY CHAINING 


The Model 9219 formatter can be connected to as 
many as four tape transports of varying tape speeds 
and character densities. 


To connect the Model 9219 to Model 9000 transports, 
order one 190-4999-001 cable, one 190-4679-001 
control adapter and one 190-4779-001 data adapter 
per transport. Figure 2-5 illustrates the daisychain 
connection. Note that the 3860 Data Terminator and 
the 3841 Control Terminator cards are only installed 
in the last deck of the daisychain. 


To connect the Model 9219 to 9100, 9300, 9700 and/or 
9800 tape transports, order one 190-4747-001 adapter 
board per transport and two 190-4999-NLL cables. 
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Figure 2-5. Daisychain Connection- 
9219 to 9000 Transports 
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(When ordering, substitute the number of transports 
in the daisychain for N; and the total cable length in 
feet for LL. Twenty feet is the maximum length 


available.) Figure 2-6 illustrates the daisychain 
connection. As in Model 9000 daisychain instal- 
lations, the 3860 Data Terminator and the 3841 


Control Terminator cards are installed in the last 
deck of the chain only. The 4747 adapter board 
contains a tape unit address select switch. Thus, 
each deck in the chain can be assigned an address. 
(SW1 on=tape unit one on; SW2 on=tepe unit 2 on, 
etc). The tape unit address can also be controlled by 
the address select switch on the front panel of each 
transport. In this instance, all address switches on 
the adapter boards should be in the OFF position. A 
190-4910-001 cable is used to connect the tape unit 
address switch to the 4747 adapter board. 


9219 
FORMATTER 
TO 


DATA 
AllJ1 


TO 
CONTROL 
Al0J1 


CA 


ADAPTER 
190-4747-001 


TRANSPORT 
ADDRESS 


“O61 


Allo} Al0J} 


J18V> TIN6669-O061 | 


JiGV> FIN6G6EP 


190- 4910-001 
(OPTIONAL ) 


OBSERVE TRIANGLE (A) KEYS ON CABLE, FORMATTER, 
AND ADAPTER BOARD COMMECTORS. 


Figure 2-6. Daisychain Connection- 
9219 to 9100,9300,9700,9800 Transports 
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J101, Model 9219 Formatter. Mates with P101 from Controller 


(SEE NOTE 1) 


Zi e 
(SIG/GRD) MNEMONIC SIGNAL a 


A1/A2 : Transport Address 0 

A3/A2 Initiate Command 

A4/A5 Write/Read 

A6/A5 Edit 

A7/A8 Read Threshold Level 1 (Not Used) 

A9/A8 Density Select (See Note 2) 
Al0 No Connection 


A12/A11 Offline Command 
A13/A14 Formatter Enable 
A15/A14 WP Write Data Parity 
A16/A17 Wl Write Data 1 
A18/A17 W3 Write Data 3 
A19/A20 W5 Write Data 5 
A21/A20 W7 Write Data 7 
A22/A23 DBY Data Busy 


A24/A23 HER Hard Error 


A25/A26 FMK File Mark 
A27/A26 ONL On Line 
A28/A29 FPT 
A30/A29 EOT 


File Protect 
End of Tape 


A31/A32 
A33/A32 


A34/A35 
A36/A35 
A37/A38 
A39/A38 
A40/A41 
A42/A41 
A43-47 
A48,49,50 
B1/B2 
B3/B2 
B4/B5 
B6/B5 
B7/B8 
BS/B8 
B10/B11 
B12/B11 
B13/B14 


NRZI/PE 


SGL 


WRST 
RP 
Rl 
R3 
R5 
R7 


Table 2-2. 


Read Threshold Level 2 (Not Used) 


NRZI/PE 
Single (Not Used) 


Write Strobe 
Read Data Channel P 
Read Data Channel 1 
Read Data Channel 3 
Read Data Channel 5 
Read Data Channel 7 

No Connection 
+5vde 
Formatter Address 
Transport Address 
Reverse/Forward 
Write File Mark 


Erase 


Parity Select (See Note 2) 
Rewind 
Last Word 


Interface Pin List 
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B16/B17 
B18/B17 
B19/B20 
B21/B20 
B22/B23 
B24/B23 
B24/B23 
B25/B26 
B27/B26 
B28/B29 
B30/B29 
B33/B32 
B34/B35 
B36/B35 
B37/B38 
B39/B38 
B40/B41 
B42/B41 
B43-47 


B48,49,50 


NOTE 2: 


NOTE 3: 
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J101, Model 9219 Formatter (continued) 


Write Data 0 
W2 Write Data 2 
W4 Write Data 4 
W6 Write Data 6 
FBY Formatter Busy 
CCG Check Character Gate (Note 2) 
IDENT Identification (Note 3) 
CER Corrected Error 
RDY Ready 
RWD Rewinding 
LDP Load Point 
TTK/9TK 7 Track/9 Track 
SPEED Low/High Tape Speed (Not Used) 
RSTR Read Strobe 
RO Read Data 0 
R2 Read Data 2 
R4 Read Data 4 
R6 Read Data 6 
No Connection 


Ground 
Due to space limitations, the B terminals are unmarked. However, the B terminal numbers 
correspond to the A terminal numbers on the opposite side of the circuit board. 
Used in NRZI configurations only. 


Used in PE configurations only. 
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Control Connector, Model 9219 Formatter 
Mates with 190-4999-XXX Control Cable 


PIN | 
SIG/GRD MNEMONIC SIGNAL IN/OUT 


Tape Address Select 3 
Tape Address Select 2 
Tape Address Select 1 
Tape Address Select 0 
Tape Running 
End of Tape 
Ready 
Not Used 
Load Point 
File Protect 
Rewind 
Not Used 
Not Used 
Not Used 
Online 
Offline Command 
Set Write Status 
Tape Unit Select 


Rewind Command 


High Density Indicator 


Synchronous Reverse Command 
High Density Status 
Synchronous Forward Command 


Overwrite 


206-9219-11A-00 


© Data Connector, Model 9219 Formatter 
Mates with 190-4999-XXX Data Cable 


Read Data Strobe 
Read Data Channel P 
Read Data Channel O 
Read Data Channel 1 
Read Data Channel 2 
Read Data Channel 3 
Read Data Channel 4 
Read Data Channel 5 
Read Data Channel 6 
Read Data Channel 7 
Read Gap Detect 
Not Used 
Not Used 
Not Used 
Write Data Strobe 
Write Amplifier Reset Strobe 
Write Data Channel P 
Write Data Channel O 
Write Data Channel 1 
Write Data Channel 2 
Write Data Channel 3 
Write Data Channel 4 
Write Data Channel 5 
Write Data Channel 6 
Write Data Channel 7 
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THEORY OF OPERATION 


3.1 GENERAL 


The Model 9219 Formatter consists of a 
microprocessor, an interface board, a masterboard 
and an optional PE read board required for phase 
encoded data applications. The one-to-one circuitry 
configuration of the masterboard makes all tape deck 
I/O signals available to these boards at the same 
relative pin positions. 


The interface board adapts the Model 9219 to the 
Pertee controller. All read and write data, computer 
commands, and tape transport status signals pass 
through this board. Most tape transport status signals 
enter the interface board from the masterboard, 
while write data and computer commands are input 
on interface board connector J2. Interface board 
connector Jl outputs read data and transport status 
signals to the controller. 


The microprocessor board is connected to the 
interface board, the tape unit(s) and the controller 
through the masterboard. It is capable of driving and 
selecting tape decks, outputting commands to tape 
decks and reading status from tape decks. (In normal 
configurations the interface board selects tape 
transports, although the microprocessor board may be 
modified to do this.) In certain applications where 
responses must be immediate, the microprocessor 
may be bypassed, or it may look at tape deck signals 
simultaneously with other formatter boards. 


The microprocessor reads and writes at an internally 
determined data rate which is selectable from 10 to 
75 ips in any one of five formats. For seven track 
tape decks, selectable densities are 200/556 epi or 
096/800 epi. For nine track machines, 800 or 1600 
cpi densities may be selected. The only limitation is 
that no more than two tape speeds are selectable at 
1600 cpi. Selectable speeds include: 10 ips, 12.5 ips, 
15 ips, 18.75 ips, 25 ips, 37.5 ips, 4¢ ips, and 75 ips. 


Speed selection, density and certain other options are 
controlled by switehes El through F4 on the interface 
board. (See Table 2-6 for IC switch settings). 


3.2 TY PE 4632/4832 MICROPROCESSOR BOARD 


This board is microprogramed to control data, 
transport command and transport status flow between 
the selected tape transport and the controller. All 
inputs and outputs to the microprocessor board are 
made through the A and B busses of the masterboard. 
Tables 4-1A and 4-1B in the maintenance section list 
all masterboard connections. The maintenance 
section also contains the basic, NRZI, and PE 


progrems for the formatter. (The program sequence 
begins on the basie flow chart, then branches to 
either the NRZI or PE flow chart, depending on 
formatter type and recording density.) 


The major funetional components of the board 
include: six bipolar Shottky 3002 Central Processing 
Elements (CPEs), one 3001 Microprogram Control 
Unit (MCU) and, depending on formatter application, 
8 or 16 3601 Programable Read Only Memories 
(PROMs). Figure 3-1 is a block diagram showing the 
Interrelationship between these major functional 
elements. 


3.°.1 The 3002 Central Processing Elements 


There are six of these devices per microprocessor 
board and all of their input control lines are parallel 
connected. The Central Processing Elements, or 
CPEs, are controlled by part of a 32 bit 
microinstruction word which is output from the 
programable read only memories during § one 
microinstruction cycle. (Refer to Figure 3.2.) Seven 
bits of this microinstruction word are output on bus 
lines FO-F6, the microfunction bus. The F bus 
controls tne six CPEs, but its commands can be 
altered by the 12 bit K, or masking, bus. This bus can 
modify the F bus commands by selecting or 
deselecting the Arithmetic Logie Units * (ALUs) 
within the six CPEs. In faet, the K bus expands the 
number of functions which may be performed by this 
masking action. 


The remaining 13 bits of the 32 bit microinstruction 
word are routed back to the 3001 Microprogram 
Control Unit (MCU). The function of these bits will 
be discussed under the paragraph entitled 3001 


Microprogram Control Unit. 


Each central processing element has two input busses, 
designated | and M, and two output busses, termed D 
and A. The I bus inputs tape transport commands 
from the computer and tape transport status 
information from the selected tape drive. The M bus 
Inputs read or write data to the central processing 
elements. Since data and command signals are 
multiplexed on these I/O bus lines, an enabling 
command is output from the CM and CD busses to 
select the appropriate signals at a particular point in 
the formatter program. These commands will be 
discussed shortly. 


Output bus lines A8 through All make up the Next 
Column Address Bus. These lines are connected 
through quad D flip-flop C9 to the PX4-PX7 inputs on 
the microprogram control unit (MCU). Data on these 
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Figure 3-1. Microprocessor Block Diagram 
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lines is tested by the MCU to determine the next 
column address it will output to the PROMs during a 
JPX (Jump Instruction) command, which will be 
explained later. Bus lines AQ through A3 are the 
tape transport select bus. However, sinee tape 
transport selection is normally performed by the 
controller, these lines are not used in the standard 
9219 formatter configuration. Bus lines A4 through 
A7 are unused. 


Bus lines DO through D8 transfer read or write data 
to the interface. (Write data is clocked out of D 
latehes J7-J8 on the microprocessor to the B bus of 
the masterboard; read data is transferred through the 
A bus of the masterboard to the 4831 Interface 
board.) Bus lines DO through D8, the complements 
of the DO through D8 bus lines, load four bit binary 
counters F7, F8, F9, which determine the read or 
write data rate. D bus data is also checked for 
proper parity by Parity Tree IC K4 and exclusive-OR 
gates E7. 


3.22 Command Bus CM16, CM17, CM18 


As can be seen, read or write data and tape transport 
status and command signals are applied to common 
1/0 busses at the CPEs. To organize and synchronize 
read and write data and the tape transport status and 
command signals, PROM pair 4 has been programed 
to output commands 0 through 7 in hex code on 
command lines CM 16, 17 and 18. Line CM 18 
outputs the most significant bit; CM 16 outputs the 
least significarit bit. Additionally, during most 
command times, a corresponding pulse (CD1-7) is 
given to enable the appropriate D latches AND/OR 
gates. Commands 0, 1 and 3 select and transfer data 
to and from the interface. Commands 2,4,5,6,7 and 
8 contro] the operation of the microprocessor board. 
Table 3.2 illustrates the bits present on the 
Significant bus lines during a given command time. 


Command 0) (0 states on CM 16, 17 and 18) places any 
available write data on M bus lines 0-8. It also places 
the selected transport's speed, bit density, parity and 
the FBY line on the | input bus. This is the normal 
microprocessor situation until another command is 
issued. 


Command 1 transfers read data out of the CPEs to 
the interface on D bus lines D0-D8. These lines are 
Input to type D flip-flops B8/B9 on the 4831 Interface 
board, where they are clocked out on each succeeding 
read data strobe. Command ! would necessarily be 
preceded by command 5, which inputs read data into 
the M bus of the CPEs for processing. 


Command 2 places status information from. the 
selected tape transport on the CPE's | input bus. 
Command 2 also enables ENABLE CRC SHIFT, which 
transfers the parity of the least significant nine bits 
contained in the CPE internal accumulators through 
the D bus onto line 9 of the M input bus. This 
performs a partial VRC and CRC parity check, 
reducing the number of instructions required for 
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parity checking later. Incidentally, IC K4 checks 
parity, while the exclusive-OR gates E7 generate the 
IBM-compatible CRC check character. 


Command 3 enables NAND gates F3/H3/H4, applying 
one read data byte to the M input bus of the CPEs. 
These NAND gates ure connected to the Q outputs of 
D Jatehes H1/H2, which are clocked by a read data 
strobe pulse and cleared by a CD5 pulse issued during 
command 5 time. Thus, CD3 and CD5 must both be 
true before read data can be input to the central 
processing elements. 


Command 4 parallel-loads write data channels WP 
through W7 onto CPE output lines DO-D8. It is passed 
through D = latebes Jv7/J8 and out to the tape 
transport. The WDS and WARS lines are also enabled 
to insure proper write data timing. 


Command 5 transfers one byte of read data onto M 
input bus lines 0-8 of the CPEs after command 3 is 
issued. In PE formatters, command 5 also transfers 
PE read data status information onto I bus lines 10 
through Ill. If a read data character is present 
during command 5 time, a carryout is generated from 
the CPE and applied to the F IN input to the 3001 
Microprogram Control Unit. This generates CD5 true 
from PROM pair 4, clearing D latches H1/H2 and 
enabling the read data bus to respond to the next read 
clock. If no read characters are present FIN would be 
false and the D latehes would not be cleared. The 
read bus is not cleared until command 5 occurs and a 
carryout exists in the microprocessor. However, read 
data still won't pass to the controller until command 
] has been issued. 


Command 6 parallel loads a programable counter with 
the bit complement of the D bus. The clock defines 
the read or write data rate. (Refer to ICs H7, H9, 
F7, F8, F9 et al on the first page of the 
microprocessor schematic.) This assures even 
multiples of tape speeds and results in accurate 
alignment between tape speed and recording density. 
The cycle time of the programable counter is 6944x 
(accumulator +1) microsecond. The number of 
instructions executed per micro-instruction cycle 
time is defined by the eycle's microinstruction count. 
This 1s equal to two times the microinstruction +2. If 
a hexidecimal 008 were output from the accumulator 
bus, for example, and command 6 is issued, the 
number of instructions executed per cycle time would 
be 2x8+2, or 18. The maximum cycle instruction 
count ts 8192 instruetions per evele time and the 
minimum eyele instruction count is 4. The 1.02 
microsecond STROBE and STROBE pulses are also 
produced, which are used to develop the WDS and 
WARS strobe pulses. 


In standard formatter configurations, command 7 
clocks Hex D flip-flop J6, passing tape transport 
commands) available on the A and D busses to the 


selected tape transport. Commands include: SFC, 
SRC, SWS, HDS, REW and OFFC. In special 
formatter configurations, such as buffered tape 


transports where tape drive selection should be made 


\ ‘ 
(Interface Board Data to Microprocessor Board) 


| BUS* 


1) 10 9 8 7 6 B) 4 R] 2 1 0) 
‘, 7 ae e 
po COMMAND @e—— SPEED ay ic | JENSITY. <7 BUSY 


COMMAND HEXIDECIMAL CODE 
7- ERASE VAR 
6 - ERASE FINED 
5- WEM 
4- WRITE EDIT 
3- WRITE 
2- BACKSPACE EDI] 
1- BACKSPACE 
0- READ 
*When Interface Board is enabled 


When D1! =1: (Read Data, Read Strobe. Hard Error to Controller) 


D BUS 
11 


10 9 8 7 6 h) 4 J 2 | 0 
When D11 = 0: (Formatter Status to Controller) 


D BUS 
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M BUS 
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HIGH| wRt | FwD | x x x x 

SPEED] DATA READ 

TO PE CARD ENABLES PE 
INTERFACE CARD 

CARD 
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When DO = 0: Interface Card Enabled 


Table 3-1A. Command Time Bus Assignments 
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directly from the formatter, command 7 also enables 
one of eight transport select signals, SLT] through 


SLT8. JS and K5, the ICs from which these signals 
would be output, are omitted from standard 
microprocessor boards. 
3.2.3 Time Out Cycle 
The mieroprocessor's clock circuitry includes a 


programable divider which enables an interrupt. This 
interrupt permits the microprocessor to test for a 
time-out cycle while simultaneously executing the 
next instruction. If a time out is detected, the 
processor may be forced to branch, i.e., line ACO will 
be foreed low, and the next location in the memory 
address register would be an even row or column. 
Thus the microprocessor can very quickly aseertain 
whether it should sample the write data registers to 
determine whether data should be transferred to the 
formatter, or perform other time-dependent 
functions. 


3.2.4 The 3001 Microprogram Control Unit (MCU) 


Through its MA address lines, the 3001 chip 
determines the microinstruction sequence output to 
the central processing elements from — the 
programable read only memories. Eleven bits of the 
microinstruction word output by the PROMs are 
returned to the 300! MCU for next address (AC0- 
AC6) ahd jump function (FCO-FC3) control. The MA 
bus lines provide a row and column address to the 
PROMs, which employ memory matrixes for storing 
the individual microinstruction word bits. Lines 
MA0-3 specify the column address; MA4-8 specify the 
row address. Each PROM matrix can contain up to 32 
row addresses and 16 column addresses for a total of 
912 microinstruction addresses. 


The next address logic in the 3001 MCU makes 
extensive use of this addressing scheme. For 
example, from a particular -ow or address it is 
possible to jump either uncond tionally to any other 
location in a particular row or column, or 
conditionully to other specified locations in one 
operation. For a given address matrix location, there 
is a fixed subset of microprogram addresses that may 
be selected as the next address. These are referred 
to as a jump set and each type of microprogram 
control unit address control jump function has its 
associated jump set. 


The MCU's jump funetion logic actually determines 
the sequence in which microinstruction words are 
accessed from the microprogram memory by 
controlling the next address logic within the 3001 
MCU. The program memory address is held in the 
Microprogram Address Register (MAR). 


The next address.is also influenced by data on bus 
lines FO-F4. Through flag output line FO, the C and Z 
flags within the 3001 MCU latch and control the 
value of the carry and shift inputs to the central 
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processing elements. Under microprogram control 
the flag logic simultaneously forces the state of this 
flag output line to 1 or 0 or the value of the C and Z 
flags in the MCU. 


3.2.9 The PROMs 


Depending on whether it's a NRZI or NRZI/PE 
application, there are 8 or 16 socketconnected 3601 
PROMs in the microprocessor. They are bipolar 
Shottky with a 50 nsee access time. Each PROM is 4 
x 256, or 256 locations of 4 bits each, and each PROM 
is specifically programed for use in the Model 9219. 
The 256 bit locations require lines of addressing (MA 
bus lines 0-8). The PROMS are paired and parallel- 
connected. The outputs are common and the chips 
are wired to have common addresses which are 
alternately enabled or disabled so that only one chip 
of a pair operates at any given time. This 
arrangement can provide up to 512, 32 bit programing 
words for use in the formatter. However, in 
applications requiring 256 or less program words, 
NRZl-only machines for example, one set of PROMs 
may be omitted. The PROMs output a 32 bit wide 
microinstruction word during one microinstruction 
cycle. Here is a breakdown of PROM functions: 


PROMs 0 AND 1 
(ICs A7, A8, Al0, All) 


Output the microinstruction bits which help define 
the next instruction to the output from the 3001 
MCU. These are input on lines ACO-AC6 of the 3001 
chip (A12).. PROM 0 contains the least significant 
bits (A0-A3); PROM 1 contains the most significant 
bits (A4-A6). PROM 1 also outputs FCO-FC1, which 
control the flags influencing the MCU's next address 
logic. A true condition on this line results in a 
conditional branch in the program. 


PROM 2 
(ICs A5, A6) 
Contains the least significant bits of the CPE's 
microfunetion bus. These bits are found on lines FO- 
EF 3; 


PROM 3 
(IC's B7, B8) 


Outputs the most significant microfunctions which 
are on lines F4-F6. PROM 3 also contains a flag 
control which sets an outgoing carry fed to the 3001 
microprocessor. This is F IN, which is transmitted on 
Al2, line 17. FC 3 (A12, pins 12 and 13) controls the 
holding of an internal storage state in the 3001 chip. 


PROM 4 
(ICs A2, A3) 


Outputs the command bus (CM16, 17 and 18). It also 
contains CM19 which controls the timing interrupt 
bit. When true, the interrupt count will be tested to 
determine whether a timeout has occurred. If it has, 
ACO will be forced to 0, causing an unconditional 
program branch. 


PROM 5 
(ICs, B10, B11) 
Outputs the most significant four bits of the K 
(masking) bus. 


PROM 6 
(ICs B5, B6) 


Outputs the middle four bits of the K bus. 


PROM 7 
(ICs B2, B3) 


Outputs the least significant four bits of the K bus. 


3.3 THE INTERFACE BOARD 


All signal flow between the computer, the tape 
transports and the microprocessor board is processed 
through this card. The two pages of the interface 
card schematic can-be divided into several functional 
blocks -- Tape Speed/Density Select Switch, Tape 
Transport Status Gates, Read Data Logic, Address 
Select Gates, Write Data Gates, and Command Logic, 
ete. 


3.3.1 Tape Speed/Density Select Switches 


Tape speed and density as well as certain options are 
controlled by means of El through E4 on the 
interface board. Tape unit 0 is controlled by E4; tape 
unit 1 is controlled by E3, etc. 


The options are selectable by switches S1 on E] 
through E4. Switches Sl on ICs El and E2 determine 
whether formatter 0 or ] is addressed. The positions 
of E3-1 and E4-) determine whether internal or 
external parity is written on tape. Switches 82 
through S? on El through E4 supply tape unit 
commands and status signals to and from the 
individual tape units. Switeh positions of $2 through 
S7?7 are directed to the the microprocessor on 
corresponding I bus lines [2 through I7. Switeh 82 on 
El through E4 is turned ON to select a 7 track tape 
unit; OFF to select a 9 track tape unit. 


Switeh S3 selects between 556/800 cpi and 200/556 
cpi tape densities for 7 track tape units. 
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Switeh S4 is reserved for PE applications and selects 
between a preset high or low tape speed. Since the 
PE board can only operate at two speeds, the 
formatter must be set up so that only two tape speeds 
are selectable at 1600 epi. NRZI units have no such 
limitations. 


Switches 5 through 7 can be set to various binary 
combinations for tape speed selection. Tape speeds 
possible are: 10 ips, 12.5 ips, 15 ips, 18.75 ips, 25 ips, 
37.5 ips, 45 ips and 75 ips. 


3.3.2 Tape Transport Status Gates 


Tape transport status signals are input to the 
interface board on the B bus of the motherboard; then 
gated with FORMATTER ADDRESS and directed to 
the controller at interface board jack Jl. Formatter 
Address 1 (FAD 1) must be selected (i.e., E2-! 
ON/E1-1 OFF) to enable the NAND gates controlling 
the tape transport status signals. These signals are: 
High Density Indicator, File Protect, End of Tape, 
Load Point, Rewind, On Line and Ready. 


3.3.3 Read Data Logic 


Read data channels P through 7 are assigned to the D 
output bus of the microprocessor and directed to D 
latches B8 and B9 on the interface board. They are 
clocked out to the computer during command 1 (CD1) 
time when pulses from D11 fire one shot C7. (This 
one shot also provides the necessary timing delay for 
the read strobe (RSTR) which is output at J1-31.) 


The read data of the D bus is also directed to D latch 
B5, which outputs any available CER and HER read 
error signals, as well as IDENT/CCG during command 
1 time. 


CHECK CHARACTER GATE is set true by a NRZI 
formatter when the read information contains a 
CRCC or LRCC check character. The HARD 
ERROR true signal can either be a pulse or a level. 
NAND gate BY will pass a HER true pulse during the 
read strobe when there is a vertical parity error. 


DATA BUSY false will clear D latches B9 and B8 to 
stop read data transmission when tape speed starts to 
decelerate. Similarly, INITIALIZE true clears D lateh 
BS. 


3.3.4 Address Select 


The states of controller signals TADO and TAD1 
determine which transport is selected. The selected 
tape deck is addressed through the B bus of the 
formatter motherboard (B24 through B27). Here is a 
list of the TADO-TAD1 combinations with their 
corresponding addresses: 


TADO TAD] ADDRESS 
0 0 SLTO 
0 ] SLT] 
| ] SLT2 
] 1 SLT3 
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(MSB) Jl-2 J1-3 J1-4- | J1-7 J1-6 ne Defined Default Output @ 
J1-1 BUSY REVL WRTL WFML EDITL ERASEL Output Output Code 
1 0 0 0 0 0 RF 7 
1 0 0 0 0 l RF 7 
l 0 0 0 1 0 RF 7 
l 0 0 0 1 1 RF 7 
l 0 0 1 0 0 RF 7 
1 0 0 0 1 RF 7 
1 0 0 1 1 0 RF 7 
l 0 0 1 1 l RF 7 
1 0 1 0 0 WRT 4 
l 0 1 0 0 l ERV 0 
1 0 1 0 1 0 WRTE 3 
l 0 1 0 l l ERV 0 
l 0 l l 0 0 WFM 2 
1 0 1 1 1 l ERF 1 
1 0 l l l 0 WFM 2 
1 0 1 1 1 l ERF 1 
1 1 0 0 0 0 RR 6 @ 
1 1 0 0 0 1 RR 6 
1 1 1 0 0 l 0 RRE 9) 
1 1 1 0 0 1 1 RRE 5 
1 1 1 0 1 0 0 RR ° 6 
1 l l 0 1 0 1 RR 6 
1 1 1 0 1 1 0 RRE 5 
1 1 1 0 1 1 1 RRE 5 
1 1 l 1 0 J 0 RR 6 
l 1 1 l 0 0 1 RR 6 
l l 1 l 0 1 0 RRE 5 
1 1 1 l 0 1 1 RRE 5 
1 1 1 1 1 0 0 RR 6 
1 | 1 1 l 0 l RR 6 
1 ] 1 1 l 1 1 RRE 5 
1 1 l 1 1 1 1 RRE ,) 


MSB = Most Significant Bit 


LSB = Least Significant Bit @ 


Table 3-2. Input/Output Combinations, Command PROM J1, Interface Board 


3.3.5 Write Data Gates 


Write data from the computer is inverted; then 
applied to quad D flip-flops C3 and C4. The write 
data is clocked out of the flip-flops on the leading 
edge of each succeeding write strobe. Data Busy 
must be false and WRITE GATE must be true to 
enable write data transmission. (DATA BUSY goes 
true when read data is output from the D bus of the 
microprocessor. WRITE GATE goes false when strobe 
pulses no longer clock J-K flip-flop H4. 


3.3.6 Command Logic 


Computer commands are 
interface board and gated with luad point, file 
protect and initiate comand signals. LP true, and 
FPT true will disable the command line AND gates 
when write or reverse commands are issued. GO 
false disables the command gates under any 
condition. 


input at J2-17 of the 


Any available computer command sets its respective 
J-K flip-flop and is clocked out to Jl, a programable 
read only memory, on the trailing edge of the next 
GO pulse from the computer. 


The command inputs to the PROM are read as two 
hexidecimal codes which are used to access an output 
code from the PROM memory. This binary code is 
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actions developed as a result of various computer 
command combinations. Some of these combinations 
are illegal and wil) cause the PROM to access the 
RUN FORWARD code. The microprocessor samples 
and tests the output of PROM J1 to determine its 
own operational sequence. 


3.4 PHASE ENCODED READ 
3.4.1 INTRODUCTION (See Figure 3-2) 
The phase encoded read electronics perform the 


following functions: detect input data transitions 
from the transport, decode and deskew read data, 


‘generate the read clock, detect any formatting or 


parity errors, correct single track errors, and detect 
file marks. 


While the detection of input data transitions is 
performed separately for each channel, the data is 
multiplexed after the initial detection stages and the 
functions listed above are performed by a single set 
of electronics for all nine channels. This is 
accomplished by scanning the nine channels 
sequentially, processing one channel] at a time. The 
status of the control circuits is updated (UPDATE 
true) after each nine-channel scanning. When all 
funetions have been performed the decoded data is 
demultiplexed by the deskew circuitry and supplied to 


output to [ bus lines 8, 9, 10, and 0 of the the M bus of the microprocessor and ultimately to the 
microprocessor. (Table 3-2 lists the various output interface. 
SCAN CLOCK DATA RATE 
CHANNEL F COUNTER GEN SENSOR 
si . C3 C6/85/86 A2/A5/A6 
rY cLP DATA [1r) a 
a ee DETECTOR [ETTF)| Deane eas on on 
LY SHAPING | 4 PGR | SORENESS 
/J5/ 34 eae 5 Cay OB L 
CH 0 DAR. 0 
i™ DATA | 112) : F 
Sa yee DETECTOR [ctior 
& L4/H5/H4 BCD C10 
CH | te DECODER rune Cu 
oe ne nerecroR|ith C4 ab C1 
8 era — 
A SHAPING| Oy di ayrsyea 
CH 2 
a DETECTOR lerray] Beha 
Wy, SHAPING C] L6/J7/J6 ante Se i PM 
CH 3 SELEC" 
wf» MATA [CUITRIPLE 
E | snap inc DETECTOR|e] 9:1 
: L6/J7/J36 
CH 4 ze MULTI Inx6 SIDATA DETECTOR 
WAVE TATA Liter |PLEXxeR C0 ee 
SHAPING] DETECTOR JOT yy, be 
sl ee L6/H7/H6 ar To 
CH 5 4 00 PHASE 
™ WAVE DATA v0 
7 REG 4 
| , DETECTOR{c't Tier he » INKE 
wy SHAPING [7 — By I9/J8 ostt E2/H2 is 
CH 6 
WAVE DATA. pve $00 
SHAPING DETECTOR jcrie) DSEL 
€ é | a C1 —o{L.8/H9/H8 WAM LOGIC 
ia UNT J1/K 
~~ WAVE CL? DATA mel . aie a 
. I | SHAPING % ee 
X72 X6 
110-0143 


Figure 3-2. Block Diagram, Type 4657 PE Read Board 


The various functions performed by the phase 
encoded read electronics are described in the 
following paragraphs. The description is divided into 
several parts, including the timing circuits, data 
transition detection, data decoding and deskewing, 
read clock generation, and read data detection. 


3.4.2 TRACK ERRORS 
The following conditions would cause a track error: 


1. Crowded transitions, defined as more than 
one transition occurring within 25 percent of 
a character frame. One case is the 
detection of a transition within 25 percent 
of the character frame since the previous 
data transition. Alternately a crowded 
condition is recognized when an interphase- 
transition (defined as the midpoint of the 
character frame) is followed by a transition 
occurring before the 75 percent point of the 


frame. 

2. Missing transitions, a condition defined as 
the absence of a transition within 125 
percent of a character frame since the last 
data transition. 

3. Inverted trensition polarity. This error 


check samples the polarity of the present 
input data character, that of the previous 
data character and the state of the data 
transition detector. 


The parity of these signals should always be 
odd: otherwise an error is detected. For 
example, if the present input character is a 
1 and the preceding character is also a 1, 
the interphase detector output should be 
true, indicating that the interphase 
transition was detected between the 
successive 1's. Similarly, if the input 
character is a 0 and the previous character 
was a 1, the output of the interphase- 
transition detector should be false, since no 
interphase transition should occur between a 
1 and a 0. This error check detects spurious 
transitions caused by noise. 


When any of the above conditions is detected, the 
DATA signal of the respective track is disabled for 
the remainder of the block, as is the SHIFT SERIAL 
Ss(X) signal, which shifts the input character into the 
deskew shift register. If the error occurs on one 
track only, it is correctable. However, if an error is 
detected on more than one track, a MULTIPLE 
TRACK ERROR (MTR) is indicated, inhibiting the 
DATA ENABLE (DE3) signal, which in turn inhibits 
the output data lines. 


3.4.3 READ DETECTION CIRCUITRY 
‘See Schematic 401-4657-001, Page 3). 


Read detection circuitry includes a BCD counter 
(C5), an eight bit binary counter C8/C9, JK flip-flops 
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D7, D10 and several logic gates. This circuitry 
detects proper read circuit operation as a block of 
information is being read. Whenever READ ENABLE 
signal goes true to indicate that data reported in a 
phase encoded format is to be read, the clear on the 
BCD counter is disabled to permit it to operate 
during a sampling cycle to count the number of 
channels on which error-free data has been detected. 
The signal INX6 indicates whether or not error free 
data has been detected: on u sampling channel. If 
error free data has been detected on all channels, the 
BCD counter will count to nine by UPDATE time and 
the complement of the single track error signal, STR, 
will go high as the C/O output of the BCD counter 
goes true on the ninth count. If error-free data is 
detected on only eight channels as indicated by signal 
INX6, the BCD counter will only count to eight at 
the end of a sampling cycle and a logic one single 
track error signal, STR false, will be generated as the 
complement of the C/O output of the BCD counter. 
Output QD will be a logic 1 to indicate a count of 8 
and the multiple track error signal, MTR, which is 
generated as the complement of output QD, will be at 
logic 0. 


In the event that data detected signal INX6 falls on 


-two or more channels, the count will be less than 


eight at UPDATE time and both multiple track error. 
signal MTR and the single track error signal STR will 
be generated. 


3.4.4 INPUT DATA TRANSITION DETECTORS 
AND MULTIPLEX 
(See Schematic 401-4657-00', Page 1). 


The data lines are input from the B bus of the 
masterboard; then applied to data input registers 
M4/M5. Because the data detectors are synchronous 
systems which operate in response to the master 
clock pulse signal Cl, they are in effect high speed 
sample data systems which sample the read head data 
signals (TD X) 48 times during each nominal data 
frame interval. 


The data detectors are sampled at a rate of 256 kHz, 
which would normally permit a resolution of elapsed 
time between transitions of no more than 3.9 
microseconds, or 1/6.4 of a data frame interval. 
However, digital timing information provided by the 
data detector each time it is sampled permits 
information transitions of a much higher resolution. 


Each data detector includes a pair of D input flip- 
flops, (L4), an exelusive OR gate (K4) an OR gate 
(K5), a four bit binary counter (J5) and a pair of J-K 
flips-flops (J4) To understand the operation of the 
data detector, assume the read data parity (RDP) 
channel is initialiy low and has been low for at least 
1/4 of a data frame interval period. Flip-flops L4 and 
the first J4 flip-flop are at a logical zero state; the 
second J4 flip-flop is at the logical 1 state and 
counter JS is counting. Should RDP signal go high, 
the next low to high transition of clock signal Cl 
which is generated by the data rate sensor circuitry, 
sets the first L4 flip-flop. At the following transition 


of Cl, the second L4 flip-flop is set. During the 
interval between the setting of flip-flops L4, 
exclusive OR gate K4 generates an output pulse, 
setting the second J4 flip-flop. The output pulse 
from the exclusive OR gate also resets counter J5. 
The carry output signal from the counter indicates 
the end of a data frame interval quarter. This carry 
output pulse ones the second J4 flip-flop, causing 
it to output CT(P) true signal. CTP) signal is then 
directed to multiplexer J3, where it indicates 
whether an even or odd number of quarter data frame 
intervals have elapsed after the latest information 
transition. 


Three 8 input multiplexers receive the three outputs 
from each data detector. The multiplexers output 
D(X), TD(X) and CT(X) signals in accordance with the 
addressing performed by binary coded decimal 
counter C3. (Lines A0-A3). This same address output 
is used to address | to 8 demultiplexer LS which is 
capable of clearing any of the detector J-K flip-flops 
handling CT signal. C1D true enables” the 
demultiplexer, which will clear’ the = flip-flop 
controlling the data channel currently being 
processed, C1D signal indicates a channel 
multiplexing sampling interval as opposed to an 
update multiplexing sampling interval. A TD(X) 
signal, which indicates the presence or absence of an 
information transition during the preceding multiplex 
sampling interval, is also required to enable the 
multiplexer. When enabled, a clear signal for a given 
channel is generated during the multiplex sampling 
interval immediately after the multiplex sampling 
interval for that channel. 


This delay of one clock pulse period insures that the 
J4 flip-flops are reset as soon as possible to prevent 
the loss of Information without interfering with the 
sampling of information during a channel sampling 
interval. However, counter J5 is reset directly in 
response to & data transition. Flip-flop J4 is then 
resynehronized with counter JS as soon” as 
information is taken. 


During a multiplex sampling interval, three separate 
information Signals are sampled. A data signal, D (P), 
generated by the Q output of the second L4 flip-flop, 
indicates the current data information state and the 
T (P) signal, generated by the Q output of the second 
J4 flip-flop, permits transitions in this flip-flop to be 
counted for determining quarter data frame interval 
periods. For multiplexing purposes, master clock 
Signals Cl are divided into ten sequential 
multiplexing intervals. The time multiplex sampling 
of the outputs from the data detectors thus occurs at 
an average of 4.8 sample intervals per data frame 
interval at 125 ips. Because of counter J5 and the 
second J4 flip-flop, the relatively slow multiplexing 
rate is sufficient to insure that information cannot be 
‘ost from the data detector. 


3.4.5 DATA DETECT CIRCUITRY 
(See Schematic 401-4657-001, Page 1). 


M6, the nine bit data detect shift register, is clocked 
by the clock input data signal, CID, to keep track of 
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whether error-free data has been detected on a given 
channel. X6 true from type D flip-flop Fl indicates 
error free data has been detected on a channel 
corresponding to a current multiplex sampling 
interval as designated by BCD counter C5. Once an 
error is detected on a given channel, that channel is 
disabled by u logical zero in the M6 data detector's 
storage location for that channel until a block of data 
has been read successfully. Lines A-H are output to 
the microprocessor's M bus. 


The X6 term in the INX6 function permits a logic 1 
state to be continued for a channel position once data 
has been detected unless one of the error conditions 
is indicated. The TD(X) term indicates that an 
information transition has been detected by a data 
detector for a given channel and the data (X) term 
requires that the information transition be of the 
logical 0 polarity. X6 and TD(X) permit 
synchronization of the channel and generation of a 
logic 1 input to data detector register M6 while a 
string of zeros is being read from the preamble of a 
block of information (or postamble when reading 
backwards). 


3.4.6 DATA FRAME COUNTER 
(See Schematic 401-4657-001, Page 1). 


The funetion of the Data Frame Counter is to 
correlate the asynchronous input data transitions and 
the synchronous functions of the Format Control 
Unit. The counter identifies the time of each 
detected transition with respect to the standard 
character frame. The timing of the transition is used 
to distinguish between data transitions and phase- 
reversal transitions occurring between successive 
identical characters, and is also used to detect bit 
crowding or missing bits. 


The frame counter (E2, F2 and H2) is a three bit 
counter with the three bit positions for a given 
channel arranged vertically in three separate nine bit 
shift registers. (On the schematic, each shift register 
is made up on one eight bit shift register with its 
corrresponding type D flip-flop, which adds the ninth 
bit. During the course of a multiplex sampling cycle, 
the three bits which correspond to each channel are 
shifted from left to right by one bit position for each 
multiplex sampling interval so that the output signals 
correspond to a current sampling interval. Within the 
frame counter, the lowermost nine bit shift register 
F2 stores the second least significant bit and 
uppermost nine bit shift register E2 stores the most 
significant bit. Each of these registers responds to 
one of two inputs in accordance with un address 
input. The transition detected signal, TD(X), is 
connected to drive the address input so that the DO 
inputs are addressed when a transition is not detected 
and the [D1 inputs are addressed during a sampling 
interval immediately following the detection of an 
informution transition by data detector M6. The D1 
inputs of registers F2 are connected to ground while 
the D1 input of register F2 is connected to the signal 
SOD. In this way the phase counter for a given 
channel is preset to count 0 upon detection of a data 
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‘information transition and preset to count 010 upon 
detection of a phase transition. The frame counter is 
thus resynechronized with the actual occurence of 
information transitions upon detection of each 
information transition. The DO input to the least 
significant bit register F2 input is responsive to the 
multiplex signal CT(X). The DO inputs of registers F2 
have their inputs, INX2 and 1NX3 connected to 
respond to conventional counting circuitry to permit 
the frame counter to be incremented each time signal 
CT(X) changes states. The outputs from the frame 
counter are designated X1, X2, and X3 respectively, 
and indicate the binary count of the number of at 
least partially clapsed quarter data frame intervals 
Subsequent to a preceding data information transition 
for a given channel sampling period during its' 
multiplex sampling interval. 


Logic Jl, which generates the INX6 data detected 
Signal, also generates the phase transition signal to 
indicate a phase transition. Logie circuitry Jl also 
generates shift serially signal SS(X) which serves as a 
clock signal for deskew circuitry. This signal is 
generated each time an information transition is 
detected on a currently sampled channel and the 
transition is not a phase information transition and no 
errors are detected. 


306-9219-12-00A 


38.4.7 DATA DESKEWING CIRCUITRY 
(See Schematic 401-4657-001, Page 2) 


The deskewing circuitry corrects skcw variations 
between the nine input data channels. A maximum of 
three-character skew can be corrected. In addition, 
the deskewing circuitry is used to detect the 
preamble and the postamble. supplying only the valid 
data to the output with a read clock. 


The deskew circuitry consists of six shift registers 
(B2, C2, D2), and six multiplexers (BI, C1, D1, E3, E4 
and E5). Each of the shift registers comprises a stage 
of the deskew register. The multiplexed input data is 
shifted into the deskew register by CID, whenever a 
data transition is detected, provided that it is not an 
interphase transition and that no track error is 
detected. C1D shifts the data along the deskew 
register, supplying the present input character into 
the first stage, INX7, while the contents of the 
register are shifted one stage up. Until the first 1 bit 
of the preamble is input into the deskew register the 
40 0's of the preamble are ignored by the output. 


As the first one bit is shifted vertically upward, it 
marks the demarcation between preamble or 
postamble zero information and data information. 
(See Table 3-3). Thus, the information stored in a 
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Table 3-3. Deskew Shift Register Operation 
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vertically extending channel register below the 
pointer bit is data information. The vertically 
extending channel registers are operated as first-in- 
first-out shift registers with data information being 
output from the register position immediately below 
the pointer bit. As information is output from a 
channel register, the pointer bit is shifted vertically 
downward to the position from which the data 
information was output and is replaced with a zero at 
the former position. 


The inputs INX7-INX12 to multiplexers E3, E4 and E5 
are provided from the outputs of multiplexers, B1, Cl 
and Dl. C1 and D1 are addressed at data inputs SEL 
A and SEL B. B1 is only addressed at SEL B. The 
least significant SEL A inputs are responsive to the 
complement of the shift serially signal, Sx(X). The 
SEL B, or most significant, address inputs of 
multiplexers Cl and D1 are connected to data input 
ready shift signal, DIRS. SEL B on multiplexer B1 is 
connected to Ss(X). DIRS true is generated when the 
available data has been detected on all active 
channels during the preceding multiplex sampling 
cycle. This causes data to be output from the deskew 
register. 


Usually, DIRS is false because data is not being 
output and signal Ss(X) is true for the same reason. 
At this time the Cl inputs to each of the multiplexers 
are addressed and data is merely circulated from the 
outputs to the inputs of the shift registers. In the 
event that signal Ss(X) goes low, the 2C1 inputs are 
addressed. Input 2A to multiplexer B1 is responsive 
to the DATA (X) signal and receives the data 
information state corresponding to a data information 
transition which caused the generation of the shift 
serially signal. The CO inputs on each of the other 
multiplexers is responsive to the output of the shift 
register which is one bit position below the bit 
position to which the multiplexer corresponds. Thus, 
data is shifted vertically upward one bit position as 
new data is entered into a vertically extending 
channel register. 


The overflow signal, OVF, is output at B1-9 whenever 
the shift serially signal indicates that a new data 
transition has been detected while the pointer bit is 
in the X12, or maximum, position. 


Multiplexers E3, E4, and E5 output a serial data 
signal, RDATA (X), which indicates the contents of 
the bit position in the deskew register immediately 
behind the pointer bit when it is at position X10, X11 
or X12. These demultiplexers comprise’ the 
deskewing network, and also output a postamble 
(POST (X) ) signal whenever data is available for 
output from the deskew register and a sampled 
channel has the data content of a logic one followed 
by two zeros. Although the actual postamble 
contains a logic one followed by 40 zeros, postamble 
detection is assumed when a logic one followed by 
two zeros is detected on all active channels. If the 
pointer bit is at positions X7, X8 or X9 in the deskew 
register, the POST (X) signal goes true. However, 
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since the pointer bit is not in one of the deskew 
register positions which permits outputting data 
information, these signals are not acted upon by the 
read system. The POST (X) signal will be generated 
if position X10 stores a logic one while positions X9 
and X8 store logic zeros. 


3.4.8 DATA OUTPUT REGISTER 
(See Schematic 401-4657-001, Page 2). 


The serially loaded data output register consists of IC 
E10 and type D flip-flop J11, which supplies the ninth 
bit. RDATA (X) from the deskewing network and 
deskewing buffers supplies the data output_register 
with data bits. These bits are output to the M bus of 
the microprocessor on lines MO through M8 during 
SHIFT DATA CLOCK true time. The read data 
output NAND gates are enabled by READ OUTPUT 
ENABLE true, which in turn is enabled by logic ones 
on microprocessor command lines CM 16, 17 and 18, 
as well as DIRS true. 


3.4.9 CLOCK GENERATOR, DATA RATE SENSOR 
& LOGIC (See Schematic 401-4657-001, Page 3). 


The data rate sensor consists of track selection 
circuitry (J-K flip-flops A2, AND gates A5, NOR gate 
A5) as well a count by five counter A6. Because the 
phase encoded read system is capable of operating 
with one of the nine channels disabled after the 
occurrence of a single track error on the disabled 
channel, the feedback mechanism for detecting 
actual data rates must be responsive to two separate 
channels in case an error is encountered on a selected 
first channel. The data rate sensor is responsive to 
either channel 6 or channel 7, depending on which 
channel first detects a data information transition. 
Whichever channel first becomes active then remains 
active until an error is detected on that channel. 
When an error is detected, the alternate channel 
becomes activated to provide data rate feedback 
control. 


During the course of reading an interblock gap, both 
A2 flip-flops are reset by signal X6 when clocked 
Resetting these flip-flops disables the clear inputs, 
which are cross-coupled. As soon as error-free data 
is detected upon reading the preamble of a data 
block, as indicated by shift serially signal SS (X), the 
corresponding flip-flop is clocked to the set state. 


In the event that an error is detected on channel 7 
during the course of reading a block of data, signal 


ope 


X6 goes true during the channel 7 sampling interval, 
causing flip-flop A2-12 to become reset. This enables 
flip-flop A2-2. During the next channel 6 sampling 
interval during which a data transition is detected, 
shift serially signal SS (X) goes true to set flip-flop 
A2-2 enables the T input of counter 72 during channel 
6 sampling intervals. Four-bit counter A6 now begins 
counting sequences of five data frame intervals 
occurring on channel 6. 


While counter A6 is counting groups of five data 
frame intervals, counter C5 begins counting down 


from 33 in response to multiplex sampling cycles. 
With the master clock operating at synchronous 
speed, there should be 6.4 times 5, or 32 multiplex 
sampling cycles during each group of five consecutive 
data frame intervals. 


The output of inverter E11 is applied to a voltage 
controlled oscillator and a pair of LS 124 one shots 
(A3). The VCO frequency is approximately one to 
two percent above the -synchronous speed as 
determined by the counters. Optimum accuracy 
occurs when the clock generator is running slightly 
fast. 


The output of the voltage controller oscillator 
becomes C1, which is the master clock signal used for 
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interval timing. Its complement, C1, is used to clock 
contro] clock flip-flop B4, concurrent with every 
tenth master clock pulse. 


3.5 SCAN COUNTER (See 
‘See Schematic 401-4657- 001, Page 3). 


The sean counter consist of clock C3. and 
demultiplexer C4. The clock divides the basic C1 
master clock frequency into specific scanning periods 
for each channel. A0-A3 from this clock are applied 
to the 8 to 1 demultiplexers in the data transition 
detect circuitry. UPDATE output and _ its 
complement, UPDATE from the demultiplexers are 
used extensively throughout the control circuitry. 


406-9219-1-00 


SECTION IV 


MAINTENANCE INSTRUCTIONS 


4.1 INTRODUCTION 


This section contains several troubleshooting aids 
which will help pinpoint the faulty component(s) if 
their use is understood. 


Table 4-1 is a pin list of the A and B buses on the 
masterboard. With the aid of this table, many 
problems can be isolated to either the interface 
board, the microprocessor board or the PE read board 
in formatters having PE read capability. 


Tables 4-2 thru 4-7 contain the BASIC NRZI and PE 
programs of the microprocessor board. (Two sets of 
programs are provided for the two revision levels of 
PROMs currently in use.) The programs contain the 
hexidecimal addresses found on the MA bus lines. 
These are parallel-connected to the microprocessor 
PROMs and originate in the 3001 Central Processing 
Element. (Refer to Figure 4-1 for a simplified block 
diagram of the 3001 Microprogram Control Unit, the 
3002 Central Processing Elements and 3601 Program- 
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COMMAND LINES 


able Read Only Memories.) The 3000 ACTION listing 
indicates actions performed by the 3001 MCU and the 
3002 CPE. 


The commands from command lines CM16, CM17 and 
CM18 are also referenced. These commands are 
defined in Table 4-8, the Microprocessor Command 
Summary. This list indicates the significant bus 
line(s) and thus the significant 3002 IC during a given 
command time. 


4.2 TROUBLESHOOTING THE MICROPROCESSOR 
BOARD 


Equipment Required: | 


Logie Analyzer (Hewlett 
Packard HP !607 
or equivalent) 


Kennedy TB 9219 Test Box 


Kennedy PROM Tester 
PN 190-4780-001 


wo 
". ‘ 
~ 
“ = A BUS 
© n” A11-8 
5 ee 

DECODER 


Figure 4-1 Partial Block Diagram, Microprocessor Board 


4.2.1 PROM Testing 


The PROM's may be tested for the required odd 
parity with the 190-4780-001 PROM test card. The 
PROM tester is inserted into one of the card slots of 
the masterboard; then one PROM at a time is 
removed from the microprocessor board and inserted 
into the PROM testing receptacle. A lighted PARITY 
LED on the test card indicates the PROM has even 
parity and is therefore defective. The remaining 
three LED's are numbered 1, 2, and 4, which light to 
indicate in BCD code the last digit only of the PROM 
under test. The PROM Locations chart in the 
schematic section of the manual should be checked to 
verify that the PROM was inserted in the correct 
PROM location. 


IMPORTANT NOTE 


When replacing PROMS, make certain the 
replacement PROM(s) is/are at the correct revision 
level. This is marked on the IC. Revision levels must 
never be mixed, since new and old PROM programs 
may not be compatible. PROMS with dissimilar 


revision levels must be replaced as a complete set. 


4.2.2 3001 MCU Testing 
This IC is most rapidly checked by substitution. 


406-9219-020B 


4.2.3 3002 CPE Testing 


Operate the formatter in the program section most 
likely to cause the malfunction. Note the command 
time currently in operation and compare the state of 
the significant 3002 bus line(s) with the states 
indicated in the Microprocessor Command Summary, 
Table 4-4. Obviously, a mismatch may indicate the 
3002 CPE is defective. The outboard coinponents 
may be tested by comparing the state of the 
significant bus lines at the masterboard with readings 
made at the significant 3002 IC. 


4.2.4 Type 4657 PE Read PC Board PLO Adjustment 

1. Connect oscilloscope test probe to test point DD. 
Set for AC measurement, using chassis ground 
reference. 


2. Commence PE read operations in high density 
mode. 


3. Adjust HI trimpot connected to one-shot IC A3-3 
for AC null. 


4. Switch to low density PE read operations. Adjust 
LO trimpot connected to IC A3-2 for AC null. 
Adjustment is complete. 


PIN NO. MNEMONIC 
01 GRD 
02 +5 VOLTS 
03 


ay gq = 9aaasaaI aI 49 ses 


es 
pe 
2) 
a 
oO 


SS asqAAsAs 


46 

47 

48 

49 

50 MO 
51 M1 
52 M2 
53 M3 
54 M4 
55 M5 
56 M6 
57 M7 
58 M8 
59 M5 
60 WTO 
61 MIT 
62 D4 
63 D5 
64 D6 
65 D7 
66 DB 
67 D9 
68 D10 
69 D11 
70 -12 VOLTS 
71 +5 VOLTS 
72 GRD 


for example. 


4657 
PE 
BOARD 


GRD 
+5 VOLTS 


INPUT 
INPUT 


INPUT 
INPUT 


INPUT 
INPUT 
INPUT 


INPUT 
GRD 
GRD 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 
OUTPUT 


OUTPUT 
OUTPUT 
OUTPUT 


-12 VOLTS 
+5 VOLTS 
GRD 


Signal present in PE formatters onl 


406-9219-3-00A 


MASTERBOARD CONNECTORS "A" SIDE 


4831 4632/4832 TRANSPORT 
INTERFACE CONTROL CONNECTOR 
BOARN BOARD PIN NO. DESCRIPTION 
GRD GRN GROUND 
+5 VOLTS +5 VOLTS +5 VOLTS 
OUTPUT (NC) TT SELECT (OPTIONAL) 
OUTPUT (NC) TT SELECT (OPTIONAL) 
OUTPUT (NC) TT SELECT (OPTIONAL) 
OUTPUT (NC) TT SELECT (OPTIONAL) 
OUTPUT (NC) NC 
OUTPUT (NC) A RUS NC 
OUTPUT (NC) NC 
OUTPUT (NC) NC 
OUTPUT (NC) 
OUTPUT (NC) NEXT 
OUTPUT (NC) ADDRS 
OUTPUT (NC) RUS 
OUTPUT (A8-11) 
OUTPUT 
INPUT OUTPUT 
INPUT OUTPUT 
OUTPUT (NC) 
OUTPUT (NC) N RUS 
OUTPUT (NC) 
OUTPUT (NC) 
OUTPUT (NC) 
OUTPUT (NC) 
OUTPUT (NC) 
INPUT OUTPUT 
INPUT OUTPUT 5D RUS R7(CM1) 
INPUT OUTPUr > RE (cm) 
OUTPUT 
INPUT OUTPUT COMMAND BUS 
INPUT OUTPUT 
OUTPUT INPUT MASTER RESET 
OUTPUT (NC) STROBE CLOCK 
OUTPUT (NC) CX CLOCK 
OUTPUT CY CLOCK 
GRD GRD GRD 
GRD GRD GRD 
OUTPUT INPUT VRC ERR (CM5)*® 
INPUT POST ERR (CM5)® 
OUTPUT INPUT 3 TRK (CM3) MTRK (CMS5)* 
OUTPUT INPUT 56/800 (CM3) STRK (CMS5)® 
OUTPUT INPUT (CM2) 1600 BPI (CM3) SKEW (CM5)® 
OUTPUT INPUT { BUS ONT (CM2) FMKD (CMS5)* 
OUTPUT INPUT EOT (CM2) LO SPEED (CM3) READ ENABLE (CMS5)® 
OUTPUT INPUT HD! (CM2) HI SPEED (CM3) POST DET (CM5)® 
OUTPUT INPUT FWD SEL (CM5)* 
OUTPUT INPUT LDP (CM2) DE3 (CMS)* 
OUTPUT INPUT RWD (CM2) BLOCK (CM5)* 
INPUT RDY (CM2) CORRECTION ENABLE (CMS5)® 
OUTPUT INPUT RD? (CM5) WD7 (CM3) 
OUTPUT INPUT RD6 (CM5) WD6 (CM3) 
OUTPUT INPUT RD5 (CM5) WDS (CM3) 
OUTPUT INPUT RD4 (CMS) WD4 (CM3) 
OUTPUT INPUT M BUS RD3 (CM5) WD3 (CM3) 
OUTPUT INPUT RD4 (CM5) WD2 (CM3) 
OUTPUT INPUT RD11 (CM5) WD1 (CM3) 
OUTPUT INPUT RDO (CM5) WDO (CM3) 
OUTPUT INPUT RDP (CM5) WDP (CM3) 
INPUT 
INPUT 
OUTPUT INPUT 
INPUT OUTPUT WD3 (CM3) R3 (CM1) 
OUTPUT WD2 (CM3) R2 (CM1) 
OUTPUT WD1 (CM3) R1 (CM1) 
OUTPUT D BUS WD0(CM3) RO (CM5) 
OUTPUT WDP (CM3) HDS (CM2) 
INPUT OUTPUT 
OUTPUT 
INPUT OUTPUT 
-12 VOLTS  -12 VOLTS -12 VOLTS 
+5 VOLTS +5 VOLTS +5 VOLTS 
GRD GRD GROUND 


y. CM stands for command. WDP (CM3) means WDP is present during command 3 time, 


Table 4-14 Masterboard Pin List — ‘A’ Side 


4-3 


406-9219-4-00A 


MASTERROARD CONNECTORS "RB" SIDE & 
4632 9n00 9100/ 
4832 4657 4831 TRANSPORT 9300/ 
CONTROL PE INTERFACE CONNECTOR 9700 
PINNO. |. BOARD BOARD BOARD MNEMONIC TRANSPORT DESCRIPTION PIN NO. PIN NO. 
01 GRD GRN GRD GRN 
02 +5 VOLTS *S VOLTS +5 VOLTS +5 VOLTS 
03 INPUT RNS OUTPUT READ DATA STRONE (('1)3/5)¢¢ AlIJI-A J3-1 
04 INPUT INPUT ONI, OUTPUT ON LINE (CN2)¢¢ ALOJT-M Ji-M 
05 INPUT INPUT LDP OUTPUT LOAD POINT (C12)** ALOJI-R 
06 OUTPUT®* SLT SELECT TAPE UNIT 5® 
07 INPUT INPUT RWD OUTPUT REWINDING (CN2)9¢ AIQJ1-N JV-N 
08 INPUT INPUT FPT OUTPUT FILE PROTECT (C'N2)** AIQII-P W-P 
09 INPUT INPUT RDP UTPUT READ DATA P(7 TRACK ©) (C1D9/5)9* AL TJI-B J3-1 
10 INPUT INPUT OUTPUT RDO OUTPUT READ DNATA O (CN3/5)98 Ald1-C J3-3 
1 INPUT INPUT RMI OUTPUT READ DATA 1 (C19/5)99 Alldl-1) J3-4 
12 INPUT INPUT RN2 OUTPUT READ DATA 2(7 TRACK RY(CI3/5)9® ADDIE J3-8 
13 INPUT INPUT R13 OUTPUT READ DATA 9(7 TRACK A)(CI9/5)8* — ALIJI-F J349 
14 INPUT INPUT R14 OUTPUT READ DATA 4 (7 TRACK 8) (C13/5)8® ANNE J3-14 
15 INPUT INPUT RDS OUTPUT READ DATA §(7 TRACK 4) (CI9/5)8* = ALN I-d J3-15 
16 INPUT INPUT RDG OUTPUT READ DATA 8 (7 TRACK 244€91/5)8* = ALLJI-K J3-17 
17 INPUT INPUT R17 OUTPUT READ DATA 7(7 TRACK 1)(C13/5)8* ANN BEE, J3-18 
18 INPUT INPUT KOT OUTPUT END OF TAPE (CN2)¢# A10J1-U JI-U 
19 INPUT INPUT RDY OUTPUT TRANSPORT READY (C1n2)** A10J1-T J1-T 
20 INPUT RNG OUTPUT TAPE RUNNING (CI2)9¢ Al0J1-V J1-V 
21 OUTPUT®* SELB SELECT TAPE UNIT 6¢ (C1)7)#* 
22 OUTPUT® SEL? SELECT TAPE UNIT 79 (C1D7)#* 
23 OUTPUT® SEL8 SELECT TAPE UNIT 8° (C1N7)*# 
24 OUTPUT® OUTPUT SELI INPUT SELECT TAPE UNIT 1* (C/IN7)9* A1l0J1-W J4-A,C 
25 OUTPUT® OUTPUT SEL2 INPUT SELECT TAPE UNIT 2° (C/N7)*%* A10J1-X J4-D,F 
26 OUTPUT® OUTPUT SEL3 INPUT SELECT TAPF. UNIT 3* (C1IN7)*¢ A10J1-Y J4-H,K 
27 OUTPUT® OUTPUT SEL4 INPUT SELECT TAPE UNIT 4* (CIN7)*%* A10J1-7, J4-P,R 
28 INPUT INPUT 12 1) BUS 
29 OUTPUT INPUT CM16 (LEAST SIGNIFICANT) 
30 OUTPUT INPUT CM17 COMMAND BUS 
31 OUTPUT INPUT CM18 (MOST SIGNIFICANT) 
32 INPUT INPUT D3 D BUS 
33 OUTPUT INPUT STROBE WRITE STROBE 
34 OUTPUT CX CX CLOCK 
35 OUTPUT INPUT CY CY CLOCK 
36 GRD GRD GRD GROUND 
37 GRD GRD GRD - GROUND 
38 OUTPUT INPUT CD! COMMAND CLOCK 1 
39 OUTPUT INPUT CD3 COMMAND CLOCK 3 
40 
41 
42 
43 
44 AC UNREG PWR FAIL (ANALOG SIG) | 
45 OUTPUT SRC INPUT SYNCHRONOUS REV COMMAND (CD7)*® A10J1-E JI-E 
46 OUTPUT OUTPUT OFFC INPUT OFF LINE COMMAND (CD7)#* Al0J1-L Ji-L 
47 OUTPUT SFC INPUT SYNCHRONOUS FWD COMMAND (CD7)** Al0J1-C J1-C 
48 OUTPUT — OUTPUT REW INPUT REWIND COMMAND (CD7)?¢ A10J1-H Ji-H 
49 OUTPUT SWS INPUT SET WRITE STATUS (CD7)*#® A10J1-K J1-K 
50 OUTPUT INPUT WD? INPUT WRITE DATA 7 (7 TRACK 1) (CD4)*® AllJd1-2 J2-V 
51 OUTPUT INPUT WDs INPUT WRITE DATA 6 (7 TRACK 2) (CD4)#® AllJd1-Y J2-U 
52 OUTPUT INPUT WD5 INPUT WRITE DATA 5 (7 TRACK 4) (CD4)** Alld1-X J2-T 
53 OUTPUT INPUT Wb4 INPUT WRITE DATA 4 (7 TRACK 8) (CD4)*# AllJ1-W J2-8 
54 OUTPUT INPUT WD3 INPUT WRITE DATA 3 (7 TRACK A) (CD4)## Alldl-V J2-R 
55 OUTPUT INPUT WD? INPUT WRITE DATA 2 (7 TRACK B) (CD4)¢* AllJ1-U J2-P 
56 OUTPUT INPUT WD! INPUT WRITE DATA 1 (CD4)** Al1J1-T J2-N 
57 OUTPUT INPUT WDo INPUT WRITE DATA 0 (CD4)** AllJ1-8 J2-M 
58 OUTPUT INPUT WDP INPUT WRITE DATA P (7 TRACK C) (CD4)¢* AllJ1-R J2-L 
59 
60 
61 
62 INPUT INPUT ° HDI OUTPUT HIGH DENSITY INDICATOR (CD2)#* A10J1-F Ji-F 
63 OUTPUT OUTPUT HDS INPUT HIGH DENSITY SELECT (CD7)#® A10J1-D J1-D 
64 OUTPUT EDIT L INPUT EDIT - A10J1-B J1-B 
65 OUTPUT WwDS INPUT WRITE DATA STROBE (CD4)** Al1J1-N J2-A 
66 OUTPUT WARS INPUT WRITE AMPLIFIER RESET (CD4)¢* AllJ1-P J2-C 
67 
6B 
69 
70 -12 VOLTS -12 VOLTS -12 VOLTS -12 VOLTS -12 VOLTS 
71 +5 VOLTS +5 VOLTS +5 VOLTS +5 VOLTS 
712 GRD GRD GRD GRD GROUND 
* Not used in normal configuration. ® 


** CD denotes command time when line is enabled, permitting signal to enter or exit micro processor board. 


Table 4-1B Masterboard Pin List — ‘B’ Side 


4-4 
te ee 


154 


MREST 
LOAD 0,15 


COMMAND 
ENABLE 


ENABLES INTERFACE 
DISABLES PE READ 


SEV READ 
DATA ENABLE 
ON MICRO. PCB 


anes aeonimiasianianines. 
; 89 = SUBROUTINE VARIABLE ) 
, R8 = 800 BPI TIMER RATE 1 

R7 = DENSITY RATE 
I n6 = WRITE CRC | 
les = READ cRC NRZI | 
| R4d = READ LRC | 
| p3 = COMMAND | 
| R2 = SCRATCH FFE | 
, Rl = SCRATCH FFF : 
Ros soravcH FfF_ | 


MAG -7 


MAQ -3 


15,9 


ese eg 


PO%.13 


15,14 


16,14 


1,14 


Fg 5 


3000] ACTIUN 
RO=FFF 


AC=1A0E0 
GET SPEED 
AT 253.165 


Li 


AC=AC+AC 
SALES SPEED 
TO D6, D7, D8 


AC=AC+AC * 
SHIFT SPEED 
TO D7, D&, 09 


AC=AC+AC 
SHIFT SPEED 
TO D8, DI, DIC 


MAR=AC 
SPEED TO MAR 
AT A8, AY, Alc 


AC=] 
GET COMMAND 
A id Ope, 3 Des 


4 


110,111 


SS ie sas 


1,19 MAR=000 


GET SPEED 
3000 ACTION 
) 
MA4-7 Pee 
JA0-3 ve 
MA MAR=000 
No 12.5 IPS 
YES 
1 hS 4 
NO 
15 IPS 
YES 
1,15 MAR=20 
NO 
18.75 IPS 
YES 
1,15 
NO 
1,15 << 


37.5 IPS 
YES 


n P 


MAGA0-3 3000 ACTION 


1,0 R8=0B4 
2,0 t7=103 


R7=10. 
1,1 [R8=090 
2,1 [R7=0CF 

R8-078 


1.2 LR8: 078) 
2 [R7=0A0 


R8=060 


MAQ -7 


MAO -3 
8,14 3000 ACTION 


( 


) 


nO 
NO 
¢ 


G10 


f 
a as 
14 
8,14 


oe 
1 
an 


Yt 


406-9219-050A1 


RF 

8." PLEAD FWD 
25% 

acl READ FEV 
eSiee, 
2 RF 

B.?2 READ REV EDIT 
[P3=204 
Ww WRITE 


S20 WRITE 


WRITE EOIT 
WRITE FM 
ER 
owe ERA Ses 2 lg ec 
R3=540 
FRY 
Sad WRITE ERASE 
R3=680 


Table 4-2A. Basic Program, 


Model 9219 Formatter, Page 71 of 2 


(For 149-4801-20X PROMs, Rev. E) 


10 
READ FWD 


RITE ERASE| 1 | 


BACK SPACE 


MAG -7 © 
MAO-3 


8,13 3000} ACTION 


AC=400 
94.13 


R=403 START REVERSE 
CM7) SET COMMAND] TAPE MOTION 
TO MTT SRC 


WRITE/ERASE READ 


8,9 


8,8 

AC=800+AC 
CMMD READ AC=890 

WRITE AC=A00 


9,3 


START FORWARD 
TAPE MOTION 
SFC 

(SWS) 


RO=503 
CM7 SET COMMAND 
TO MTT 


MA4 -7 
MAQ-3 


959 3000} ACTION 


R4=0 CM2 


ee, 


AC=IAOOC [| CMO DENSITY? 


MAR =F FF 
RO =FFF 


AC=ACU (1AQ080) CM2) HDI? 


Ti 


AC=AC+AC 


w~ 


AC=R8 
800 TIME RATE TO AC 


O41 


406-9219-070B 


MA4 -7 


MAO -3 
6 153000 ACTION 


€i-b 200 BPI 7 CH 


NO 
AC=AC + AC 
oan. SHIFT TO LEFT 
S HI DENSITY 
NO 556 BPI 7CH 
6,15 
SHIFT TO LEFT 
i 800 BPI 9CH 
6,15 
NO 
6,15 LOW DENSITY 


956 7CH 


SET 2 md 
TO 1 
i? CH) 


C FLAG 


4,2 


R7=xAC 
TIME RATE TO R7 


7 


TO 9219 PE PROGRAM 
PAGE 0 LOCATION 4,3 


TO 9219 NRZI PROGRAM 


Table 4-2B Basic Program, 
Model 9219 Formatter Page 2 of 2 
(For 149-4801-20X PROMS, Rev. E) 


PAGE 1, LOCATION 0,2 


NRZI INDUSTRY COMPATIBLE (UPPER PAGE) PG 1 149-4801-21X 
PG 0 FROM REGISTER USES 
\/ (149-4801-20X) 
MAG-7 
MAO-3 
0,2 0,15 PG 0 14.13 R9=SUBROUTINE VARIABLE 
0.4 ICC. 7 NON R8=800 BPI TIMER RATE 
0.5 SET 800 CLOCK R7=DENSITY RATE 
0.6 ; R6=READ CRC 
0.7 R5=READ LRC 
0,8 LP nee =0 R4=WRITE CRC 
0,9 R3= COMMAND 
0.12 TEST LP + WR R2=FFF 
MAG-7 R1=FFF SCRATCH 
CO=0 MAO-3 RO=FFF 
7,10 7,11 
7.12 713 REARS 100 FLAG SET IF 7 TRK SEL- 
4,15 4,15 Q@ELAY) COMMAND CODE (R3) 
3,12 3,13 AC#=AC 0CO 
4°13 
4,12 MARR 
PG 0 8.12 MAR 
10,0 RF RRE 110.2 WN 10,3 WE 10,4 
(2) (3) 10,3 [NOP 
TO PG 2 OF 
PROGRAM (4) 
ER 10,5 ERV 10,6 MAG-7 3000| ACTION 
MAG~7 MAO-3 WF 110,7 
10,5 (RO=ROAFAQ) M1 MAO-3 3000] ACTION 10,7 ROSROACED 
10,6 [RO=ROA050) CMI 9,15 NOP 
PG Soeici B, 15 |DELAY _| 4,15 DELAY) 
3.6 | ACeFFF C=R7 
4,6 [ACsACAQCT 
1'6 PROP CRT 3,5 IAC=FEF _CM6 
; 7° TRK 9 TRK 
ee 7,3 [AC=ACAOOF 7,2 [ACeACKOTS 
— ’ : A ue ‘ : . 0 
1,3 [RO=ROA0BO 7,0 [RO=ROAOO 7,1 [RO=ROA00T 
3 
PG O (87014 7,14 ROZFFFCM4 
DELAY SUBROUTINE. 4,15 A 


©) 
—" 
_— 
° 
[oe] 


om ocd 


READ 


MA4-7 
MA0-3 


NO 


TO PG 2 OF PROGRAM 
(6) RAW 


3000] ACTION 
LROSROAF EL] CM) 
0c: a 


ACs FFs 


LRO#RO+ (ACAI 3F 
Rem AG) 


AC=MAIFF_CM5 | CO=1 


LharRr TIMEOUT | 


C0=0 


LOAD FOR 
EOT TEST 


WAIT FOR CHARACTER 


14,15 [Nop] 


LAC=MU(CACALFF) WAIT CMS GET 7 TRK EOF,CRC 
TRI=R1 U (ACAIFF) WAIT | 

PRS=R5 @ (ACAIFF) CM1 | UPDATE LRC 

NOP 


A ’ 


14,5 
13,5]Ro=Ro_ + AU | 
13,6 {AC=AC+800 
13,7 LACHAC_U \ACALFF)} CO TEST 


" GET LRC 


14,3[NOP CMI] JREAD CLOCK IF LRC 


14,2 
14,7 [R6=AC_U_RO WAIT 
14,6 (MAR=FFF 
14,8[R32R3A0A8 ss 


C0=0 
RIEROAOIO RI= RINT 


RO=0 FOR FMK 


.. 13,10 


R6=0 FOR NO ERROR 


406-9219-0906 


3000 ACTION 


AC, R7#AC+R7+1 


10,10 [T=MAlFF CM5) GET FIRST 
CHARACTER 
10,11 |AC=T CM6 SELECT DENS 
9 TRK 
7 TRK 
9,11 [RO=RO 
6,11 [ROSRO+AC 1 SF 
6,9 [NOP 
8,9 T3MA1FF CM5 
Co0=0 
CO=1 MA4-7 3000 ACTION 
MA0-3 
8,10 [ROP_TIMEDUTY 
ROeAC NO 
: 00 CM YES 
LRO,AC=RO+AC Cd 8,8 ; 
|AC=AC+800 ss 8,1 AC=FFE 
TR5sR5 OC“ CC 8,0 , 
TR5=R5 @ (ACALFF)| 6,0 A M 
AC=T CMl 
11,0 [PACSAC+B00 
13,0 {RS=Ko CM) 
13,1 [LR5=R5 @ (ACALFE ) 
ee | 
13,2 T=M F CMS 
| 
(LOS) 
3,8 | T=AC L334 
7,8 [LAC=M 200 | 13,4 [AC=ACA0CO! 
2,8 AC=AC+800 13,8 AC=R7 CM) 
2,12 [| T,AC=T+AC 13,9 LAC=T Cho | 
2,13 [MARSFFF CM} 
2,9 [TRS=R5 @ (ACATFF) 
2,15 LAC=R5 WAIT | 
2,14 LAC=A 
9 TRK 
2,10 LROZEROAD] A AC=ACA13F 


2,6 : 
o40 


LR3=R3A00 4! 
CO=0 


ae R9=R9+050 


Table 4-3A NR2ZI Program, Model 29219 Formatter 2,2 (KER 
Page 1 of 2 (For 149-4801-21X PROMs, Rev. C) 


4-9 


MA4-/7 
MAO-3 3000 AC IION 


AC R7=AC+R7 +] | 
pele OMB oa 
AC=ACAICO | 
AC=RO CM) 


R1=R} U AC 


SET TIMER 
FOR DATA RATE 


Y) FROM 10,2/10,4 p--------— —} 
MAG? RAW SUBROUTINE 


MAY -3 30U0U AC LION 
MAG? 
MAQ-3 


“3000 ACTION 


406-9219-110A1 


10.4 R9=R9 A040] CM1* *SET DBY, FBY (FBY ALREADY = BUSY) 


3,15 (DELAY) WAIT FOR IRG 


| 
| | 
| 
| | 
: Bid LAC ADD | 
3,1 AC=R?7 ; 6,13 CRE ADD 
1,4 AC=FFF CM6 SET TIMER FOR DATA RATE po 8d | 
2.4 AC=ACAQCI 1 2,14 | 
6.4 RO=FFF CM ENABLE WCLOCKS Ly ee. | 
5d RO=ROAS40 WAITIAND WAIT . ee ae 
9,12 SAVE 
, 9,13 | 
4.4 NOW TEST FOR oe WRC | 
LAST WORD 10,9 
7 | 10,12 [R2,AC=AC+R? | 
5,2 MAO -3 3000 ACTION | 10,14 (MAR=FFF CM SEND RCLOCKI 
5,0 INPUT WRITE DATA 74 AC=MALFF GET LAST BYTE | | 
5] CRC AND OUT WDS 5,8 -R4=R4@AC CMA] CRC, AND WOS | — | 
Sid 5,9 R4=R4 | | 
5.6 AC=MAIFF CM?| FORM CRC 4.9 AC=RA | 
S59 4,8 AC=MA1FF CM2 CRC SHIFT a lay ts ee — - 
CRC SHIFT 6,8 R4=AC 
AND SAVE See 7 
| NRZI STATUS SUBROUTINE | 
. YES | (149-4301-20x) %.14 sy PG 0 | 
4,3 GO PROC | STATUS NRZI | 
4,1 READ DATA| 4,2 [NOP TIMEOUT? | ele , 
. ROUTINE 
6,15 | Cau) = | O.13]AC=FFF | 
| 1,13 LRQ=ROAFFF] TEST RO 
15,1 4 | —_ | 
| 1,10 [AC=ACAOEO] FMK 1,1] [AC=ACAQDQ] MK | 
6,7 LAC=MAIFF CM5] INPUT READ DATA, TEST ) ) 
CO=0 | 1,12 [RE=R6AFFF] TEST R6 | 
CO°>1 | | 
6,3 |MAR=FFF 6,2 AC=FFF TIMEOUT? | 3,10 {AC=ACAQEO}] NO LRC 3.1] [AC2ACACFO LRC OR | 
Ar, 5 [R2=AC NO | OR CRC CRC ERROR | 
YES : ERROR 
6,15(RAW SUBR 6,6 RO=RO+040] MAR=RO U 040 | | 
8,2 MAR=FFF | 
15 5 [NOP | 3,12 {NOP CMI] OUTPUT ERROR | 
JPX ) | 
11,5 [AC=MAIFF CMS NOP) 11,9 JRO=FFA | RTN0,14 PG 0 | 
RD DATA TEST 10,15 [R1=FFA | | 
Se ee a er _ 
0,15 {NOP 
1, 2{R4=R4@(ACAE28 


R4=R4A800] 0,0 [RO=ROAFF 


11,1[AC=R4 
6,1 LRO=R0+100 CM4] WARS FOR LRC 9,0 (6) Table 4-3B NRZI Program. 
| WDS FOR CRC 


Model 9219 Formatter Page 2 of 2 
(For 149-4801-21X PROMs, Rev. C) 


406-9219-130B 
FROM LOCATION 6.16 
BASIC PROGRAM — PAGE 
PROGRAM FOR 149-430) -2"1fSERIES PROM; 
6.19 JFL ,O 
MAG -7 CM2 
MAQ- 3000 ACT CO=CIV 
‘ : 3 000 ACTIO | 200) LPs0 MA4~? MAG -7 
a7 1 MAQ-3 3000 ACTION MAO-3 3000 ACTION MAQ-3 3000 ACTION I 5 6, ge cee ee oy 
ae . L s ; 
vi? OREN aaa wren / READ BLOCK) 
4, 3 (- be ® 
4.13 et 015 § BACKSPACE EDIT : ee READ BLOCK SUBROUTINE 
’ ® 7 * . 
a Oe! em j 480-3 3000) ACTION 
oo PEG NOD / 8,15 LIFFF 
3 
6 
™ LP? W=0 


jEND WRITE 10,11 
] 10,9 CO=AC\E00 


Made? RA VARIABLE ERASE [FIXED NOTHING YET 
ped RO=ROAEBO * 
MAD~3 3009 ACTION RO=RONEBOT CMI 10,6 
6.10 DATA FLAG + BLOCK * DE3 
: ; CO =ACABOO 
ARITE 6.7 co=T'o10 _| He tS) Batt £0=ACKBOO) 
in : 
BURST DATA FLAG 
9,11 [NOP CM} DELIVER BITE 
Ry? [NOP_CMi] 
TO CONTROLLER, RSTR 
BLOCK + DE3 
9,10 [CO=ACA200) 
ID BURST 6.3 LRO:0 (M3) | TURN ON PE READ ; ae 
COMPLETE? 6,1 LAC:RS CM3 | SET COMMAND ON PE READ *SET DBY, FBY (FBY ALREADY = BUSY) 
6,0 : 


DE 3=0 


SELaY Es 2. EH 
2 rs i : = 
Ch 10,12 [CO=da017 CHS] READ STATUS (SKEW * MTRIC * POST + VRC) 
- NOP 6,4 
6, eae 
mae DELAY FBY, OBY FBY, DBY, HER 
AC=OCOAA 
3,4 AC=ACAOCO 11,10 C=0COAAC 
4,15 9,4 NOP 
3,13 oe nhs 11,12 ([Lac=ac u(it028) CMs) (FMK, STCK) 
att eae 9,12 tO=TMGO TH YS BLOCK 
0,15 RESTART 


BLOCK =] 
BLOCK=0 


12,10 LACHFFF 12,11 


\/ RETURN 11,x 


BASIC PROGRAM 


OUTPUT STATUS 


ee ee wre comes cm wn wre ee ee ee ew ce ee ee ee wee ee re es eee ee es ee ee es oe oe 
—_ — «_— 


Fey a rn en ee ee me eee 3 FD ce cee oe oe c= ee @= aa eee a= op 


Table 4-44 PE Program, 
Mode! 9219 Formatter Page 1? of 2 


(For 149-4801-20X PROMS, Rev.E) 
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40 6-9219-150A1 


© © 


aE oe 


1l,) R9=R9IO10 
7,10 7,11 CMI 


7,) 


MAd-7 | MA-7 MAd-7 
MAQ-3 3000 ACTION MAQ-3  _3000{ACTION mos 3000] ACTION 
12,8 12,2 [NP 3,6 ACR? ___i 
12,9 AC=0 CMO | 12,13 [NOP 3,5 paar 
12,12 RO=R GAPS R9=40, . 10,13 NOP. - AQ 
® | ACsFFF CM) | 
8,15 READ BLOCK 
14,15 (WRITE CHAR) WRITE PREAMBLE 40 0's 
113 R9=R 9A024 
14,12 BACAR : 5] [NOP WAIT | 
13,12 ACSFFF CML} =o DBY , FBY, WSTR (GET FIRST BYTE FROM CONTROLLER 6) 5.0 CO=MAB00 CMG Paaiatattaate a ee ee ~5 
13,13 B9:R9 N00 a | 
oo 
7 WRITE CHARACTER SUBR ] 
14,15 WRITE CHAR WRITE SYNC BYTE 53 R9=R9A08O], OUTINE ! 
0,14 7 7 
14,13 7,14 AC=FFF CMG LOAD TIMER a 
| 7,15 AC=AC A180 | | 
LAST BYTE ! 
MAG -7 4,15 
13.10 MAO-3 3N00 JACTION 
15.10 AST BYTE 3,15 AC=O CM] OBY=0, FBY=) ( | 
13,11 A i 13,15 RO=ROA1ZC CM7] STOP TAPE MOTION 
WRITE 14.25 WRITE CHAR 15,11 R9=R9A001 { 
DATA ( 
BYTES 14,15 WRITE FINAL DATA BYTE 
' TEST FOR NEW COMMAND .W 
14,11 AC=FFF | 13,6 CO=1A001 CMO] TES siete ) 
14,14 KG 9 AOU l 
13,14 NOP sd | 
13,0 Nop. NEW COMMAND , 
J 
14,15 = (WRITE CHAR) WRITE SYNC BYTE 14,3 LNOP_| 14,2 R9=R9-1 : 
14,0 7,2 D INTRF ROREG, RSTR 
12,0 RO=R9j028 (0) 13,2 | 
‘et | 
14,15 GWRITE CHAR) WRITE POSTAMBLE © FBY=0 | 
14,1 NOP. DONE RETURN TO , 
14,8 NOP CMA CO=] GENERATE WARS BASIC PROGRAM La 
: | 
10,11 (END WRITE) SPECIAL ENTRY TO 'READ BLOCK’ 0=ACA800 
| 
l 
| 
| 
| 
{ 
| 
| 
| 
l 
{ 
| 


tt ——e— ec ee ce ee me ee ee ee ee ee ee ee oe ee ee oe 


Table 4-4B PE Program, 
Model 9219 Formatter Page 2 of 2 
(For 149-4801-20X PROMs Rev E) 
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406-9219-170A 


4632/4832 MICROPROCESSOR COMMAND SUMMARY 
LINE TAPE UN ATUS AND PARITY CM5 READ DATA (NRZI) 
I BUS M BUS I BUS M BUS 


MUST BE ENABLED BY CM3 D0; 
DISABLE = CM3 D0. M BUS CLEARED 
BY CM5 WITH 3002 CARRY MAYBE 

; FORCED TO ONE IF 7 TRK EVEN 
PARITY BY ASSOCIATED INTERFACE 


BOARD. 
LINE CM3 DEVICE SELECT CM4 WRITE DATA 
D BUS D BUS 


0 FOR NRZI; 1 FOR 1600 BPI CH 7 WRITE 
CH 6 WRITE 
CH 5 WRITE 
CH 4 WRITE 


CH 3 WRITE 
CH 2. WRITE 


CH 1 WRITE | 
CHO WRITE 


IF 1600 FWD SELECT DEFAULT CH P WRITE 


8 
9 
SELECTED 
CM3 DO CORRECTION 0 1: TO OUTPUT WARS 


LINE CM6__SET PROGRAMABLE DIVIDER CM7 SELECT AND SET 
AND RESET 


D BUS D BUS A BUS 


0 COUNT LSB CYCLE TIME SELECT UNIT CODE LSB 
COUNT .69444 (COUNT+1) usec SELECT UNIT CODE 


COUNT NEXT STROBE:=: 


9 COUNT FROM @ 3 COUNT SWS X 
10 COUNT THRU @ 3 COUNT+2 SRC X 


INTERRUPTS ARE CLEARED BY FORCE EVEN ROM COMMANDS OR BY 
CM6. STROBES ARE 1 usec WIDE 


(FORCE EVEN QUED INTERRUPT) CAUSE ACO (3001 INPUT LSB) TO BE 
0, USUALLY CAUSING A JUMP TO AN EVEN ROW OR COLUMN 


Table 4-8 Type 4632/4832 Microprocessor Command Summary 
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SECTION V 
PARTS IDENTIFICATION 


5.1 SPARE PARTS ORDERING INFORMATION 


This section describes the replaceable parts in your 
unit which are available only from Kennedy Company. 
Many parts of the unit are common commercial! parts 
and can be obtained locally from the manufacturer. 
These parts are marked with the manufacturer's name 
and part number and are not listed herein. 


The serial number and part number are the keys to 
numerous engineering details applying to your unit. 
These numbers are on the serial number tag located 
on the rear panel of the unit. 


Changes to Kennedy units are sometimes made to 
accommodate improved components as they become 
available and to give you the benefit of the latest 
circuit improvements developed in our Engineering 
Department. If a part you have ordered has been 
replaced by a new part, a Kennedy representative will 
advise you concerning any change in part number. 


All parts orders should be addressed directly to 
Kennedy Company, Spare Parts Order Department, 
1600 Shamrock Avenue, Monrovia, California 91016, 
telephone (213) 357-8831 or (213) 681-9314, TWX 910- 
985-3249. 


5.2 IN-WARRANTY REPAIR PARTS ORDERING 
INFORMATION 


Repair parts for in-warranty units are made available 
on an exchange basis through the Kennedy Company 
Spare Parts Department. The serial number and part 
number of the tape unit are necessary to insure 
shipment of the proper replacement parts. 


All inquiries should be directed to Kennedy Company, 
Spare Parts Department, 1600 Shamrock Avenue, 
Monrovia, California 91016, telephone (213) 357-8831 
or (213) 681-9314, TWX 910-585-3249. 
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5.3 EXPORT ORDERS 


Customers outside the United States and Canada are 
served by Kennedy Company international sales 
agents. All correspondence regarding your unit 
should be directed to your sales agent. If you prefer, 
correspondenze may be addressed directly to Kennedy 
Company, Spare Parts Department, 1600 Shamrock 
Avenue, Monrovia, California 91016, telephone (213) 
357-8831 or (213) 681-9314, TWX 910-585-3249, cable 
KENNEDYCO. 


5.4 ILLUSTRATED PARTS LIST 


To assist in perts identification, an illustrated parts 
list is included in this section with references to 
photographs of the machine. Part numbers beginning 
with 198 are listed again in the Recommended Spare 
Parts list at the end of this section. Kennedy 
Company recommends that these parts be ordered as 
spares to minimize machine downtime due to 
equipment failure. Certain parts on this list have no 
quantity indicated. We recommend ordering one of 
each such parts for remote installations where 
delivery is time consuming. 


5.5 FIELD KITS 


Some replacement compohents may be supplied in the 
form of repair or field change kits. The repair kits 
contain parts that are matched or assembled and 
adjusted at the factory because of complexity or to 
aid the field technician. The components ordered as 
field kits either by correspondence with Kennedy 
service engineers or by direct order will be supplied 
with complete installation instructions. The change 
kits are intended for standard or special options not 
originally included in the unit. 


506-9219-020B 


~ FIGURE 1 


MODEL 9219 FORMATTER FRONT VIEW 
(Top Panel; Front Panel Removed) 


ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-1 


Item No. Part No. Description Qty Notes 
5-1-1 125-9083-004 Card Guide 6 © 
5-1-2 190-4767-501 Cable Connector Assy 2 
5-1-3 190-4657-xxx PC Read PC Board Assy 1 
9-1-4 190-4632-xxx Microprocessor PC Board Ass‘ 1 
5-1-4 190-4832-xxx Microprocessor PC Board Assy (125 ips models) ] 
5-1-5 190-4831-xxx Formatter Interface Enard I 


NOTE 


1. Refer to circuit board to determine correct dash number when ordering. 


906-9219-030D 
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FIGURE 2 


MOM 9219 FORMATTER TOP VIEW 
(Top Cover Removed) 


ILLUSTRATED PARTS BREAKDOWN FOR FIGURE 5-2 


Item No. Part No. Description Notes 
0-2-1 140-0006-001 Power Supply - Sawyer 
O~2-2 121-0126-001 Five Pin Molex Receptacle 
9-2-3 121-0126-002 Five Pin Molex Plug 
0-2-4 190-4681-001 Interface PC Board Assy 
o-2-9 190-4611-001 Master PC Board Assy 
0-2-6 125-0032-001 Fan, Rotron PN LY2AI 2 
9-2-7 198-0073-001 PROM Repl Kit 4632-007 Microprocessor F vard | 
o-2-7 198-0074-001 PROM Repl Kit 4632-008 Microprocessor Bourd l 
0-2-7 198-0077-001 PROM Repl Kit 4832-007 Microprocessor Boat: ] 
9-2-7 198-0087-001 PROM Repl Kit 4832-008 Microproeces «+ Boat+l l 


NOTES 


1. Each PROM Kit contains a complete set ot programmed ROMs for .he microprocessor board specified. 
2. Fan not included in ITT/LMT units. 
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FIGURE 3 


MODEL 9219 FORMATTER REAR VIEW 
(Top Cover Removed) 


| 
| 
ILLUSTRATED PARTS BREAK DOWN FOR FIGURE 5-3 


Item No. Part No. Description , Qty Notes 
5-3-1 151-0133-030 Fuse, Normal Blo, 3A, 250v (box of 5) 1 
5-3-1 121-0178-001 AC Connector, Voltage Selector, Fuseholder 
9-3-1 125-0068-001 Power Cord l 
5-3-2 190-4900-1xx Cable, Formatter to Model 9000 Tape Transport by253 
5-3-2 190-4970-1xx Cable, Formatter to Model 9100. 9300, 9700 
or 9800 Tape Transport lies 
5-3-3 121-0159-002 PC Connector, 50 pin 2 1,3 
9-3-3 190-4696-001 PEC Interface PC Board 
NOTES 
1. Item(s) not shown. 
23 Substitute length required for the xx in the dash number. Standard lengths are 4 feet (104) and 10 feet 
(110). 
3. Controller to formatter cables to be fabricated by customer. Refer to Section I for pin assignments. 
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SECTION VI 


WIRING AND SCHEMATIC DIAGRAMS 


This section contains the schematic diagrams for the the drawings conform to MIL-STD-15. Abbreviations 
circuit cards used in the Model 9219, which are conform to MIL-STD-12 unless otherwise specified. 
arranged as shown below. Electronic symbols used in Logic diagrams conform to MIL-STD-806C. 


System Wiring Diagrams 


PROM Locations - 
Type 4632 Microprocessor Board 


Type 4632 Microprocessor 
Page 1, Clocks 
Page 2, Tape Unit I/O 
Page 3, ROM Control 
Page 4, Central Processor 


PROM Locations - 
Type 4832 Microprocessor Board . 


Type 4832 Microprocessor 
Page 1, Clocks 
Page 2, Tape Unit I/O 
Page 3, ROM Control 
Page 4, Central Processor 


Type 4831 Interface 
Type 4657 PE Read 


Model 9219 Power Supply 


606-0001-300 


NOTES TO SCHEMATIC SECTION 


Certain conventions have been observed in preparing 
schematics for this manual: 


1. 


2. 


3. 


4, 


Resistor values are given in ohms. If wattage 
is unspecified the resistor may be either 1/4or 
1/2 watt. 


Capacitor values may be given in picofarads or 
microfarads. Those values for which neither 
designation is provided are assumed to be ob- 
vious from circuit function. Filter capacitors 
oncertain supply lines do not have logic signifi- 
cance. In general, they are not shown on Sche- 
matics. On PC board silkscreens they are des- 
ignated as CF. 


Normally, IC power connections are on pins 14 
(+5v) and 7 (ground) for 14 pin packages, and 16 
(+5v) and 8 (ground) for 16 pin packages, Some 
ICs — 7476, 7492, 7493 for example — have power 
connections on pin 5 (+5v) and pin 10 (ground). 
Operational amplifiers in the 8 pin package have 
power connections on pin 4 (-Vcc) and pin 7 
(+Vcc). Power connections are not shown unless 
they are honstandard. 


Where multiple inputs are tied together only one 
pin may be designated on the schematic. 


Unused inputs that are tied high are not normally 
indicated unless the connection has logic signifi- 
cance, 


From and to designations are intended to describe 
inputs and outputs only. The same Signal may 
be connected to several other points not shown 
on a particular drawing. 


Abbreviations used in from and to designations 
are as follows: 


CI Control Interface 

PBC Pushbutton Control 

RG Ramp Generator 

SA Sensor Amplifier/ Driver 

DT Delay Timing 

RA/CL Read Amplifier/Clipping Level 
RA Quad Read Amplifier 

WA1 Four Channel Write Amplifier 


WA2 Five Channel Write Amplifier 
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8. 


11. 


Positive logic is shown for all internal connec- 
tions. Interface connections are zero true but 
the bar is omitted. 


Integrated circuit symbols contain a circuit 
designator that corresponds to the number silk- 
screencd onto the circuit module above an under- 
lined number representing the IC type. 


The IC type number is abbreviated and omits 
the portions of the manufacturer's type number 
pertaining to case and vendor identification. 
Further, since the TTL, 7400 series makes up 
most of the circuitry, the 74is omitted on these, 
Thus a 00 designation indicates a 7400 quad two 
input NANI gate. T.1.'s complete part number 
is SN7400N, In multifunctional units in close 
proximity to cach other the type designation may 
be omitted. The type designation may appear 
outside the symbol if the symbol is too small. 


Military Standard s806C is the base for logic 
symbols. Additional conventions are shown be- 


low. 


Line indicates buffer or power driver 


Triangle indi- 
cates response 
to edge (in this 
case positive) 


Semiconductor types on schematics may be re- 
placed by their functional equivalents. If not 
indicated, diodes are 1N914, NPN transistors 
are 2N2714, and PNP transistors are MPS6517, 


Unless otherwise specified, light emitting diodes 
are FLV102 or equivalent. 


12, 


13, 


14, 


Module connector pins are shown as 


ee 


where no further connection is shown on the 
schematic, and as 


22 


when there is a connection shown, 


Where an input is represented by an arrow in- 
Stead of 2 complete line, the input source is 
designated. Where outputs are so shown their 
destinations may not be shown. 


Some schematics of modules include certain ex- 
ternal elements which aid in understanding the 


16, 


606-0001-400 


circuit function. In this case all the connections 
to the element may not be shown in the interest 
of clarity. 


designates atest point provided onthe 
module, Letters proceed from top to 
bottom of card with the ground test 
point, if present, as the bottommost 
terminal, 


Socket terminals are designated with numbers 
for component side connections and letters for 
circuit side connections when a double sided 
Socket is used. These are the designations on 
the socket. Whena Single sided socket is pro- 
vided, all connections are designated by letters 
regardless of which side of the board they lieon 
the etch. Letters follow the 22 pin alphabet, 
ABCDEFHJKLMNPRSTUVWXYZ; numbers are 
1 through 22. 


TADO(J2-3) 

Vy 0 eee 
rab, V3eed) | 
GO/ 2-5) sREV/(J2-6) 
WR 


ie 2 


“—— 


TO 
CONTROLLER 4831 
N 


TO INTERFACE 
FORMATTER BOARD 


A SIDE B SIDE 
TADO/FAD 


GO/TAD1 
WRT/REV 


WRT /WFM 
THRI/ERASE 


adel Ey pemee 
NC/PAR 


OVE Lc ee OD ae 
vom 


II ON Ra ey 71 EL ET 
<< 


OFL/R 


TO CONTROLLER 


F 

E Veer 
NRZI/P 
L/FE 
WRST/SPEED 


a Ae 
| 1/R0 


NT/CCG } | 
NOTE: DARKER SIDE IS “B" SIDE 


BD 


K FORMATTER 
ay TO 
R 


E 
f 
483! 
| INTERFACE 
CONTROLLER 


507500090 Sa 39 0 EY SMe DOWNA xT 
WOU LI OOO 5 OAH IO OY UL OO Erimo 


210-2065 @ a 


Type 4696 Interface }’C Board 


® 190-4740 ADAPTER PC BOARD CONNECTS see 
9218/9219 TO 9100/9300/ dicslhns 
J5 (A11J1) 9700/9800 INTERFACE J3 
DATA CONNECTOR (MATES WITH 190-4999 CABLE CONNECTED TO 9218 ‘9219 FORMATTER) (PART OF 190-4747 ASSEMBLY) READ CONNECTOR 

HS) eee —— ee) 
ROP 3 oi 
ww § EE EBB 
M0 EEE 
kOe 869 


5 N/L 


J4 (A10J1 
CONTROL CONNECTOR (MATES wiTH 190-4990 CABLE) P6 wares with 190-4910 CABLE) 
>—oo4 


L 


[Va 
m 
_— 
w 

—" 
= 


w 
enw 
am 
Eat} 
w 
If 
a 
“Tt 
(7) 
Ge 
' 
@ 


ww 
mn mH 
- c- 
oO = 
~~ 
Re 
ae 
“thd 

[ % } 
nN 
—In 
7° 
An 
~~ 


<eHne wn Dv2z2SerKxeeEMrmMoon 


p= 


itt 


@ 
wa 
j-41 
_ 
@ 


<cHoHn DvsZBrxeranmo 


=z 
~ 
- 


RDG 
ROS 
PO? 
n/C 
$u3 
sua 
WARS 3] + 
Pe 336— ae —$—_————— 17 206 
wo) 37 H+ 
102 39¢———_— ue 
wa WRITE CONNECTOR 
wos 43 —_—<——$$ $$ — A its 
105 45 ——— Teese ne 
WARS 
wo? 49 ae N/C 
GRO A nas 
N/C 
N/C 
N/C 
WOP 
wo} 
wO2 
wO4 
WOS 
——> WO7 
Ce? GRO 
1 THRU 18 
4 J 
B oVvwe 
SFC 
SRC 
HO1 
SLT 
SWS 
ONL 
RWD 
LP 
WEN 
£0T 
RNG 


RD3 
WO6 
SwW2 
wOS 
woo 35 
TRV? yn 
woo 4] 3 | Ee 
woe 47 . el N/C 
EVEN 2 THRU 50 5 ue 
M/C 
WOO 
WO 
wO6 
CONTROL CONNECTOR (SPARE) 
HDS 
RWC 
OFFC 
FPT 
ROY 
GRO 


1 THRU 18 


9100,9300,9700 & 9800 
To 9218/9219 


Ribbon Cable Adapter, 
Schematic Diagram 


* 9219 FORMATTER ONLY 


- + ene 


606-9219-5-00 


a God eee ea eS ted >: fs fs 


' ° 
‘Ps, ae 
4 . 


jiaaaa ipa 
HIB BB ie Bl 


a mah a OL ee 


WOTE MOTCH POSITION WHEN REPLACING INTEGRATED CORCUITS. 


NOTE: The different types of 4632 Microprocessor boards vary aeeonaing to the programming of the 
Type 4801 PROM IC's. The PROM locations are indicated by the three digit PROM codes shown above. 
The "X" in X01, X05, ete. is replaced by 4 1, 2, or 3, dependihg on the application for which a PROM is 
intended. The Type 4801 PROM dash numbers are organized as follows: 

100 through 107: PROM'S used ih NRZI only formatters. 

100 - 107 plus 110 thru 117: PROM'S used in combination NRZI/PE formatters. (16 PROM'S required). 


200 thru 207 plus 210 thru 217: PROM!'S used in PEC compatible NRZI and PE formatters. (16 PROM'S 
required). 


300 thru 307 plus 310 thru 317: PROM'S used in Read Reverse and Dead Track Register NRZI and PE 
formatters only. 
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(Clocks) Page 1 of 4 
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Micro Processor, Type 4632-001M, 
(ROM Control) Page 3 of 4 
Schematic Diagram 
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